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VIIRS onboard Suomi-NPP and JPSS

d The Joint Polar Satellite System (JPSS) Is the USA's next generation polar-orbiting operational environmental
satellite system. JPSS will provide operational continuity of satellite-based observations and products currently
obtained from the Suomi National Polar-orbiting Partnership (NPP) mission.

4 Visible Infrared Imaging Radiometer Suite (VIIRS) is a multi-spectral scanning radiometer (22 bands between 0.4pum
and 12um) on-board the Suomi-NPP with spatial resolution for 16 bands at 750m and 5 bands at 325m. The spatial
resolution of Intermediate Product (IP) output is 750 m at nadir. The spatial resolution of Environment Data Record
(EDR) 1s 6 km at nadir compared to 10km at nadir for Moderate-Resolution Imaging Spectroradiometer (MODIS).

d The MODIS on-board Agua and Terra are currently providing global aerosol coverage for research and operational
activities in weather, climate, and air quality. The VIIRS on-board Suomi-NPP and future JPSS satellites are
expected to continue daily global aerosol observations for operational and research communities.

1 Separate algorithms are used for aerosol retrieval over land and ocean. The over-land aerosol algorithm is based on
but a different scheme from MODIS Surface Reflectance algorithm (MODO09) and the over-ocean algorithm is
derived from the MODIS Aerosol (MODO04 Collection 4) algorithm. In VIIRS, Aerosol Optical Thickness (AOT) and
aerosol type are retrieved simultaneously by minimizing the difference between observed and calculated reflectance
In multiple channels.

VIIRS Aerosol Products

= VIIRS aerosol products include AOT, Aerosol Particle Size Parameter (APSP), and Suspended Matter (SM).

= The VIIRS AOT and APSP products reached Provisional maturity level and the SM product reached Beta maturity
level on January 23, 2013.

= The VIIRS AOT and APSP (both EDR and IP) products are now publicly accessible from NOAA's Comprehensive
Large Array-data Stewardship System (CLASS at http://www.class.ngdc.noaa.gov).

Maritime Aerosol Network (MAN)

= MAN Is a network of ship-borne aerosol optical thickness measurements using hand-held Microtops Il sun
photometers [Smirnov et al., 2009] with an uncertainty of AOT measurement no larger than 0.02.

= Collected MAN data follow AErosol RObotic NETwork (AERONET) protocol for data processing,
http://aeronet.gsfc.nasa.gov/new_web/maritime_aerosol network.html.

= The cruise measurements available from MAN offer an unprecedented opportunity to validate the VIIRS AOT and
APSP over open Ocean, far from coastlines and islands as that AERONET site.

Comparisons between VIIRS Aerosol Retrievals and MAN Measurements

= Period from May 2, 2012 to February 28, 2014.
= MAN Level 2.0 Series Average Datasets.
= VIIRSAOT EDRs at three quality-flag (QF) levels;
 High : used only high QF AOT.
e Top2 : used both high and medium QF AOT.
« All :usedall retrieved AOT (QF = high, medium, and low).
= VIIRS APSP (Angstrom Exponent, AE) EDRs:
e Used only high QF APSP.
 AE computed at MAN’s and MODIS’s like wavelength pairs (445/865 versus 440/870 and 550/865 versus 500/870).
= Match-up criteria for VIIRS EDRs and MAN measurements:

« The VIIRS-MAN match-up uses each MAN measurement as a reference point and finds the VIIRS retrievals
within the spatial and temporal matching domain of 0.5° latitude-longitude and one hour time window centered
on the MAN observation.

e At least 12 (about 20%) selected quality VIIRS EDRs within the matching domain or any VIIRS EDR(s) within
3km of MAN measurements.

* Multiple collocations within one-hour time window are averaged to a single match-up.
= Performance Statistics:

e Accuracy : the mean difference between two datasets.

* Precision : the standard deviation of the difference.

o Separate AOT (7) retrieval performance in the range of < 0.3 and == 0.3.
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Locations of MAN measurements where match-ups were found
with high quality VIIRS AOT EDRs during selected period.

25f
20F

1.5

1.0

0.5

0.0 L~

VIIRS APSP EDR Performance

201205-201402 EDR QF .

00 0.5
MAN ANG EXP (0.44 4m/0.87 um)

1.0

1.5 2.0 25

El 201205201402 EDR QF,, ,

2 e e :
8 2S5 N=128
= A =0.192 . s
= 2.0 _'P = ().391
§ "Tlu=0433 .

P R =0.767 "' ,";'-_' .

2 oLsp L E e
S R £

53 10f
o ”.-u‘ L%
< MODIS A-pair ]
2 00k SR Spair |
> 00 05 10 15 20 25

MAN ANG EXP (0.50 xm/0.87 um)

Comparisons between VIIRS high quality APSP EDRs and MAN
measurements. Left panel shows the scatter plot of AE computed at MAN-
like wavelength(A)-pair and right panel shows the scatter plot of AE
computed at MODIS-like A-pair. N : number of match-ups, A : accuracy, P :
precision, U : uncertainty, R : correlation coefficient
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Figure3 Comparisons between VIIRS AOT EDRs and MAN measurements.
Figures in left, middle, and right columns are scatter plots of all match-
ups, match-ups where MAN 7 < 0.3, and match-ups where MAN 7 2 0.3,
respectively. Figures in upper, middle, and bottom rows are scatter plots
of quality level equals to High, Top2, and All, respectively. N : number of
match-ups, A : accuracy, P : precision, U : uncertainty, R : correlation
coefficient, and ER : percentage of match-ups within MODIS expected

error bars (£0.03+£0.057).

VIIRS APSP  JPSS EDR

against JPSS requirement threshold at two AE A-pairs.

Attribute QF Level  APSP A-pair Measurement  Threshold Achieved
U - MAN-like 0.20 03 v
y : MODIS-like 0.19 | \
. | MAN-like 0.39 v
Precision High : 0.6
MODIS-like 0.44 v
Tablel The performance statistics of VIIRS high quality APSP EDRs

. VIIRSAOT  JPSSEDR .
Attribute QF Level 7-range Measurement Threshold Achieved
High 0.02 v
Top2 r<0.3 0.04 0.08 v
All 0.08 v
Accuracy :
High 0.03 v
Top2 r20.3 0.07 0.15 v
All 0.11 v
High 0.04 v
Top2 r<0.3 0.06 0.15 \
. All 0.08 v
Precision :
High 0.15 v
Top2 r20.3 0.14 0.35 v
All 0.15 v

Table2 The performance statistics of VIIRS AOT EDRs against JPSS
requirement threshold at three quality levels.

Summary

= VIIRS AOT EDRs meet JPSS AOT thresholds at all three QF levels. It still needs some improvements to achieve the objective goal of 1% for
both accuracy and precision at all zvalues.

= VIIRS high quality APSP EDRs meet JPSS thresholds for APSP. It also needs improvements to achieve the objective goal of 0.1 unit for both
accuracy and precision.

= Comparisons between VIIRS AOT and APSP over the land can be seen from poster session presented by J. Huang et. al., “Spatial and

Temporal Characterization of the Difference between Multi-Sensor Aerosol Retrievals and AERONET measurements”.
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INTRODUCTION Total-band and In-band averaged nL,(4) - MOBY Site

Table 1. The ratio between nL,(A) at the nominal band center and total-band averaged

» The in-band and out-of-band responses refer to sensor spectral response contribution MODIS VIIRS nL,(4), and the effective band center wavelengths for MODIS and VIIRS.

from within and outside the spectral bandwidth of the sensor bands, while total-band
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ABSTRACT

The Chesapeake Bay (CB) contains some of the most productive waters along the U.S.
East Coast. Standard satellite algorithms for net primary production (NPP) for the open
ocean are generally not applicable for the CB. In this presentation, we show NPP estimates
from MODIS-Aqua by applying a new regional NPP model to satellite products. This NPP
model for the CB incorporates an improved prediction of the photosynthetic parameter,
Pbopt, as a function of sea surface temperature (SST). These MODIS-Aqgua NPP estimates
agree well with in-situ measurements. NPP time series for CB using MODIS-Aqua data
(2002-2011) with the new model are used to characterize spatial and temporal variability of
NPP in CB. Spatial distributions show high NPP in the southern upper Bay and northern
middle Bay, and low NPP values in the northern upper Bay, the eastern middle Bay, and the
lower Bay. Lowest NPP occurred during winter over the entire Bay, and highest NPP
occurred In late spring to summer. These results are consistent with NPP dynamics
ascertained by shipboard studies. We conclude by demonstrating NPP derived using VIIRS
products for CB. This study has been documented in our recent paper (Son et al., 2014).

DATA & METHODS
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= In situ Primary Production and ancillary data (Chl-a, N v
PBoot Zeww PAR, SST, etc.) are obtained in the : Ny R
Chesapeake Bay by Harding et al. SN SN

» Total data number is 558 from April 1989 to November i\ [ ?L e
2003 (data before April 1989 are excluded due to _H“ﬁ “~ Lofe
suspected data quality). FJ‘ ‘:_ﬂ.

* MODIS-Aqua Level-2 ocean color data from July 2002 2l 7 AT B
to December 2011 were generated using the NIR-SWIR 1220 R i i
combined atmospheric correction algorithm (Wang & Shi, m}—?: _wﬁ-mi szl
2007) with MODIS-Aqua Level-1B data from the NASA N -’w;iﬁ g[8
MODAPS website. MODIS PAR and SST data were = W
obtained from the NASA OBPG website. 3l . ;; i/

* Those Level-2 data were remapped and then processed “z::%ﬂﬁwy_g&&;ﬁ; " 7
to generate NPP composite images. .~_ ﬁlﬁm > ea® -f

= Three regions in Chesapeake Bay are defined, i.e., the P s
lower Bay, middle Bay, and upper Bay (shown as boxes, A
A, B, & C in Fig.1, respectively), following salinity || S| E—
gradients.

Fig. 1. Map of the Chesapeake Bay
with locations of in situ PP data
(triangles).

Chesapeake Bay Production Model
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* The daily-integrated NPP model for CB, CBPM, (Harding et al., 2002) is described as:

Log,,(NPP) = 0.1329 + 0.964-log,,P®,,; + 1.0265-log,,Chl-a + 0.9710-log,,Z,,, +

where Zeu is euphotic depth, Eo is surface PAR, and DL is day length.

= A third polynomial regression relationship between P5,, and SST was derived to
parameterize P® ;.

10910PBp = -2.32x10°1 + 4.34x102 SST + 1.00x10- SST2 — 5.00x10°5 SST?

Validation of the CB NPP Model
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= Comparisons of model-derived and in situ NPP show the new approach to generate
PBopt significantly improves retrievals for the Bay.

* The original CBPM-derived NPP are biased low by ~20%, while the new CBPM
shows better agreement with NPP by ~4% for the median.

* Match-up analyses show that MODIS-derived NPP compares favorably with in situ
NPP, despite limitations of sample size due to a short temporal overlap.

» Histogram results show MODIS-derived NPP is similar to in situ NPP. But there is
decadal difference between MODIS-Aqua and in situ NPP measurements.

Seasonal Variability of MODIS-derived NPP
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Fig. 4. MODIS-Aqua-measured (2002-2011) monthly NPP climatology images for the Chesapeake
Bay for months of January to December.
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» General spatial distributions from MODIS-Aqua NPP images are similar over most of
months, showing high values in the southern upper Bay and the northern middle Bay,
while relatively lower NPP values are in the northern upper ay, the eastern area of the
middle Bay, and the lower Bay.

* MODIS-derived NPP are lowest in winter (Dec—Feb) for the entire Bay, due to limited
light avalilability. NPP is highest in late spring to summer (May—Aug), depending on
location. In autumn, NPP decreases with seasonal reduction of solar energy.

Interannual Variability of MODIS-derived NPP
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* There Is a strong interannual variablility in the NPP for CB. In the upper Bay, highest
NPP values appeared in summer of 2009 and 2010, while relatively lower seasonal
peaks occurred in 2005 and 2006.

* [n the lower Bay, the seasonal peak of NPP generally appears in June. But, an early
seasonal peak appeared in 2007 and 2010 (May), and a late seasonal peak in 2008
(August). A relatively higher NPP peak occurred in June 2011.
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* Results from mean values of the MODIS-derived annual NPP show that interannual
variability of annual NPP is evident in the three sub-regions, with an apparent
Increasing trend from 2003 to 2011 in the all Bay regions. The increasing trend in NPP
may be related to the increases in nutrient and phytoplankton biomass.

* Interannual variability in NPP in the Chesapeake Bay would be positively (lower Bay)
or negatively (upper Bay) related to freshwater flow from the rivers, particularly the
Susquehanna River.

CONCLUSIONS

» The regional daily NPP model for the Chesapeake Bay has been improved for use with
satellite ocean color data.

» MODIS-derived NPP data correspond reasonably well to in situ measurements.

» MODIS-derived NPP products show that higher NPP values are found in southern upper
Bay and northern middle Bay, while relatively low NPP values are in northern upper Bay,
the eastern area of middle Bay, and lower Bay. Temporally, lowest NPP in winter over the
entire Bay, while high NPP in later spring to summer depending on location.

» There Is a strong interannual variability in NPP for CB, and an apparent increasing trend
from 2003 to 2011.
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Abstract

A new approach that combines advantages of various existing near-infrared (NIR)
ocean reflectance correction algorithms for satellite ocean color data processing,
Including Bailey et al. (2010) algorithm, Ruddick et al. (2000) “MUMM” algorithm,
and Wang et al. (2012) algorithm, has bee developed. The new algorithm is named
BMW after Bailey, MUMM, and Wang. The results from the BMW algorithm are
evaluated against those from the shortwave infrared (SWIR)-based atmospheric
correction algorithm and also compared with results from various existing NIR
ocean reflectance correction algorithms using data from MODIS-Aqua and VIIRS-
SNPP, with emphasis on the performance in various coastal and inland turbid waters
In the world. The new BMW algorithm provides improved satellite ocean color
results compared with various existing NIR algorithms and can be incorporated into
the official VIIRS ocean color data processing system, which does not have the NIR
radiance correction algorithm that is required for the data processing in coastal and
Inland waters. Some detailed algorithm evaluations and discussions are provided.

Three different methods for estimation of ocean
reflectance at the NIR bands

B: The bio-optical model described by Bailey et al. (2010) is used in the current

NASA MODIS atmospheric correction algorithm, which is an improved version of
the Stumpf et al. (2003) model. It exploits the relationships in the intrinsic optical
properties (IOP) of the NIR and red/green bands. However, the disadvantage is that it
cannot be applied to extremely turbid waters because the IOP relationship stops to
work In those areas.

M: The MUMM algorithm described by Ruddick et al. (2000) is originally

proposed for SeaWIFS. Its advantage Is that it does not use any bio-optical model
and it simultaneously solves for water-leaving reflectance and aerosol reflectance at
the two NIR bands. However, it requires knowing a priori the reflectance ratios
between the two NIR bands for both water (o) and aerosol (g) contributions obtained
from a scatter plot of the entire scene, which limits its operational usage.

W: Wang et al. (2012) proposed a regional, iterative method for estimation of water

reflectance at the NIR from diffuse attenuation coefficient K;(490), to be used in the
atmospheric correction algorithm for the Korean geostationary ocean color sensor —
the Geostationary Ocean Color Imager (GOCI). The NIR model (radiance
relationship between two NIR bands) was derived from MODIS data using the
SWIR approach. Its field of view include one of the most turbid areas in the world
where the current MODIS algorithm will not work. GOCI does not have SWIR
bands that can be used for atmospheric correction purpose.

BMW - the new blended algorithm

Simply speaking, the proposed blended algorithm uses B algorithm to identify and
process clear water pixels and M algorithm to process the remaining turbid water
pixels, and for the turbid water pixel processing M algorithm uses the NIR water
reflectance relationship established by W algorithm and NIR aerosol reflectance
ratio (¢) derived from nearby clear water pixels. In detail, the BMW algorithm works
as follows:

1. Use B algorithm to perform a preliminary atmospheric correction, identify clear
water pixels and save their corresponding NIR aerosol reflectance ratio ¢ (If a
valid pixel is not a clear water pixel, it Is regarded as a turbid water pixel).

2. For each turbid water pixel not yet assigned an ¢ value, assign it an € value using
the mean of the ¢ values of all clear or turbid water pixels (that have already been
assigned an ¢ value) within the 101 pixels by 101 pixels box centered at this turbid
water pixel. If no clear water pixel is found within the box, this turbid water pixel
will walt for assignment of ¢ value in the next iteration.

3. Repeat Step 2 until no more turbid water pixels can find clear water pixels or
turbid water pixels that has been assigned an ¢ value. The remaining turbid water
pixels are assigned the mean ¢ value of all clear pixels in the image.

4. Use M algorithm incorporated with W algorithm’s NIR water reflectance
relationship to process all the turbid water pixels using their assigned ¢ values.

Results: case studies

Figure 1. nLw(748)

= from MODIS-Agua on
Oct. 19, 2003 at 05157
™ over East China Sea

Figure 2. Chl-a from
MODIS-Aquaon
Oct. 21, 2009 at

Lo 1820Z over southern

Mid-Atlantic Bight

The NIR-SWIR processing using BMW

Although the BMW algorithm works reasonably well in very turbid waters, there
are circumstances where the SWIR algorithm is necessary. For example, In
MODIS-Aqua Images, 746 and 869 nm often get saturated in extremely turbid
waters, such as In the La Plata estuary (Fig. 4), which will prevent the applicability
of any NIR algorithm. Also, for highly turbid waters the NIR model is not accurate.
Therefore, a NIR-SWIR processing algorithm using BMW as NIR component was
developed to solve this problem. The BMW is first used to process all pixels, which
IS also used to identify turbid pixels with water-leaving radiances at ~865 nm band
larger than a threshold (~0.2). For those turbid waters the SWIR algorithm is used,
but there Is a buffer zone 0.2-0.4 where the BMW and SWIR results are blended to
create a smooth transition between the two algorithms.

E 1

Figure 4. Kd(490) from MODIS-Aqua on Mar. 30, 2006 at 1735Z over La Plata estuary

Results: match-ups

Figure 3. nLw(443)
from VIIRS-SNPP
on Jul. 16, 2013 at
1738Z over La Plata
estuary

Product Mean Ratio STD Mean Ratio Median Ratio STD
nL,(410) 1.0428 0.120 1.0253 1.0147 0.149
nL,(443) 1.0299 0.111 1.0170 1.0046 0.136
nL,(488) 1.0143 0.098 1.0012 0.9967 0.120
nL,(551) 0.9988 0.182 1.0045 0.9931 0.196
nL,(667) 1.4125 0.559 0.9049 0.9392 1.050
Chlorophyll-a 0.9348 0.238 0.9712 0.9699 0.214

Product Mean Ratio STD match-ups Mean Ratio STD match-ups
nL,(410) 0.9330 0.318 373 0.8173 0.359 369
nL,(443) 1.0119 0.300 825 0.9445 0.309 863
nL,(488) 0.9207 0.181 875 0.9440 0.193 931
nL,(551) 0.8945 0.201 441 0.9485 0.209 487
nL,(667) 0.7573 0.756 516 1.0498 0.823 560
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History of Ozone Monitoring at CPC

CPC worked along side NASA in the 1970’s to determine the effects of
Super Sonic Transport air liners flying on ozone in the stratosphere. CPC
began using satellite data to monitor the ozone layer with the BUV
Instrument on Nimbus-4 and the SBUV on Nimbus-7. NOAA chose to
monitor the profile of ozone vs the total column and started using the
SBUV/2 on NOAA-9. All together there have been 8 NOAA spacecraft
with SBUV/2 instruments on them. CPC has worked hand-in-hand with
NESDIS to utilize the best quality ozone data sets for its monitoring of the
ozone depletion, the annual ozone hole, the determination of ozone trends,
and assisting NCEP/EMC with the assimilation of ozone in NCEP’s
weather and climate models.

Ozone Monitoring at CPC

CPC monitors the total column of ozone as well as the ozone profile. CPC
monitors ozone on various time scales. Short (day-to-day) time periods for
phenomena such as the Antarctic (and occasionally Arctic) ozone hole.
Seasonally, CPC monitors the ozone layer’s relationship to the thermal and
dynamical background. On the longer time scales (annual to decadal),
CPC monitors trends in the ozone layer’s profile and total column. CPC
has used observations from the SBUV/2 instrument to perform this
monitoring. The OMPS Nadir Mapper, Nadir Profiler, and Limb Profiler
will continue and enhance CPC monitoring capabilities.

OMPS will allow CPC to Continuing to Monitor the
Antarctic Ozone Hole

Monitoring Ozone Hole Peak Size

NOAA-19 Total Profile Analysis

SBUV/2 TOTAL OZONE

Southern Hemisphere
90W

Analysis procedure smooths out features.
Reduces Mins and Max values.

S-NPP OMPS NM

S-NPP OMPS TOTAL OZONE

Southern Hemisphere
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NM provides greater fidelity of features
and maintains max and min values.

LLong Term Monitoring Requires the Creation of a Cohesive

Ozone Data

Set

OMPS NP will continue to provide the structure of ozone in vertical
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Satellite Satellite dates
Nimbus 7 10/31/78 — 5/31/89
NOAA-11a 6/1/89 — 12/31/93
NOAA-9 1/1/94 — 2/4/95
NOAA-14 2/5/95 — 12/31/98
NOAA-11d 1/1/99 — 12/31/00
NOAA-16 1/1/01 — 12/31/02
NOAA-17 1/1/03 — 12/31/08
NOAA-18 1/1/09 — 12/31/10
NOAA-19 1/1/11 - 12/31/12

9 SBUV (/2) data sets (one for each satellite) are bias adjusted
and trend adjusted to create a long term cohesive total and
profile ozone data set to be used for climate and trend detection.

Inter-Annual Variability of Total Column Ozone
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Long Term Monitoring of Total Column Ozone for Trend

Detection
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