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1 Data Fusion and Algorithm Development

Monitoring and Day-2 Algorithms of AMSR2 EDRs

Task Leader  Patrick Meyers

Task Code EBPM_AMSR2_15

NOAA Sponsor Paul Chang and Ralph Ferraro

NOAA Office NESDIS/STAR/CRPD/SCSB

Contribution to CICS Research Themes (%) Theme 1: 50%; Theme 2: 50%; Theme 3: 0%

Main CICS Research Topic Data Fusion and Algorithm Development
Contributionto NOAA goals (%) Goal 1: 70%; Goal 2: 30%; Goal 3: 0%
Highlight AMSR2 Environmental Data Records completed theirinitial evaluation and were declared

operational by NESDIS

Links to a research web page:
http://manati.star.nesdis.noaa.gov/gcom/datasets/GCOM2Data.php
http://www.ospo.noaa.gov/Products/atmosphere/gpds/maps.html

Background

NOAA recently began producing environmental data records (EDRs) for the Advanced Scanning Microwave
Radiometer 2 (AMSR2) aboard the Global Change Observation Mission —Water (GCOM-W) satellite.
GCOM-W is part of the Joint Polar Satellite System (JPSS) mission in coordination with the Japanese Aero-
space Exploration Agency, andis part of the A-Train constellation. AMSR2 replaces the AMSR-E sensor,
which stopped routine operationsin 2011.

AMSR2, launchedinearly 2012, had several calibrationissues that delayed the release of operational prod-
ucts. CICS-MD contributed to the calibration of brightness temperatures, resultingin more radiometrically
stable Level-1brightness temperatures (TBs). CICS-MDisresponsibleforthe rainrate environmental data
record (EDR), as well as contributing to the sea surface temperature (SST), total precipitable water (TPW),
cloudliquid water (CLW), wind speed (WSPD) algorithms. The Goddard Profiling Algorithm 2010 — Version
2 (GPROF2010V2) retrieves globalrain rates. SST, TPW, CLW, and WSPD are calculated overoceans usinga
Bayesian framework which compares observed TBs to a database of collocated TBs and analysis fields.

Accomplishments

JAXAreleased an updated version of Level-1TBs in March 2015. The new version was purported to correct
some of the AMSR2 calibrationissues, and required reanalysis by the NOAA GCOM-W team. AMSR2 was
intercalibrated using collocations with the Tropical Rainfall Me asurement Mission (TRMM) Microwave Im-
ager (TMI). TBs were simulated by CRTMv2.1 over oceans and CSEM-MW over land, using ECMWF gridded
atmosphericprofiles and surface information as reference. Areas over oceans that were affected by rain,
sun glint, and radio frequency interference were excluded in the calibration. The Amazonrain forest was
the calibration target overland because of the regions high emissivity and non-polarized nature of surface
emissions. The TB offsets were as highas 5 K overthe ocean, and +2 K overland. Theses corrections help
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to offsetthe receiver non-linearity, howeverJAXA is continuing efforts to understand and address the is-
sue.

Consistent Level-1TBs allowed forthe training and validation of the EDR algorithms. The ocean EDRs
match observed TBsto an a-priori database to find consistent geophysical scenes. CICS-MD scientists con-
tributed to the construction of the database and performed validation of the retrievals usingindependent
datasets (Fig. 1). Separately, GPROF2010V 2 was further modified to address retrieval problems over snow-
covered surfaces. A description of the algorithm and validation of the AMSR2 rain rate retrievals were pub-
lishedin JSTARS, and the surface screening results were described in detail in IGARSS conference proceed-
ings. Most notably, the AMSR2 EDR production became operational at NOAA/OSPO.

Fig. 1 — Comparison of daily AMSR2 precipitation retrievals (top) to the Global Precipitation Climatology
Project (bottom) forJuly 2015.

As part of the NOAA mission requirements, CICS-MD scientists continue to monitor the AMSR2 data, ensur-
ing continued quality (Fig. 2). Aftersignificant weather events, such as hurricanes and blizzards, we evalu-
ate AMSR2’s performance and disseminaterelevantimagery and descriptions.

Initial efforts are underway to leverage other remotely sensed data, including geostationary IR and ground -
based lightning networks, toimprove the utility of AMSR2 retrievals in forecasting applications, as part of
the CICS-MD Proving Ground and Training Center. Additionally, we are involved in collaboration with the
NASA Precipitation Measurement Missions Science Team, on the project titled “NOAA's Continued Contri-
butionstothe Developmentand Utilization of NASA's Global Precipitation Measurement (GPM) Products".
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Planned work
e Continue monitoring efforts of operational AMSR2 EDRs
e Continue productvalidation and identify algorithm deficiencies
e Collaboration withthe NASAPMMScience Team
e Update GPROF2010V2 to incorporate the latest IMS snow analysis
e Merge AMSR2, lightning, and geostationary IRto improve situational awareness forforecasting

Fig.2 — Example of TB monitoring from the NOAA/STAR AMSR2 website. Significant departures from the
mean would indicate problems with the sensoror processing system.

Publications

Meyers, P.C. and R. R. Ferraro: Precipitation from the Advanced Microwave Scanning Radiometer 2. J. of
Sel. Top. Earth Obs. Remote Sens., 99, 1-8, doi: 10.1109/JSTARS.2015.2513666.

Meyers, P.C., andR. R. Ferraro, 2015: Accountingforsurface ice and snow in the Goddard Profiling algo-
rithm rain rate retrievals. Proc. IEEE Int.| Geoscience and Remote Sensing Symp. 2015, Milan, IT, Insti-
tute of Electrical and Electronics Engineers, 2619-2621, doi: 10.1109/IGARSS.2015.7326349.

Maggioni, V., P.C. Meyers, and M. Robinson: Areview of merged high resolution satellite precipitation
product accuracy duringthe Tropical Rainfall Measuring Mission (TRMM) - era. J. Hydrometeor.: IPWG
Special Collection., in press, doi: 10.1175/JHM-D-15-0190.1.

Rudlosky, S.D., M. A. Nichols, P.C. Meyers, and D. F. Wheeler: Seasonal and annual validation of opera-
tional satellite precipitation estimates. J. Operational Meteor., 4 (5), 58-74, doi: 10.15191/nwa-
jom.2016.0405.

Products
EDRs for rain rate, wind speed, sea surface temperature, cloud liquid water, and total precipitable water
are produced by OSPO.

Presentations

Park, J. et al.: Inter-satellite calibration of GCOM-W1AMSR-2 Brightness Temperature, CoRP Annual Sci-
ence Symposium, September 2015, College Park, MD.

Meyers, P. et al.: GPROF2010 Updates for AMSR2 Precipitation Retrievals, CORP Annual Science Sympo-
sium, September 2015, College Park, MD.
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Meyers, P. et al.: Accounting for surface ice and snow in the Goddard profilingalgorithm rain rate retriev-
als, IGARSS 2015, July 2015, Milan, Italy, WE3.G3.5.

Meyers, P.and R. R. Ferraro: Surface characterization for AMSR2 precipitation EDR, Precipitation Measure-
ment Missions Science Team Meeting, July 2015, Baltimore, MD, P200.

Other

A University of Maryland graduate student and undergraduate were mentored on the topic of satellite pre-
cipitation measurements. Both of the students coauthored peer-reviewed publications about Level-3 pre-
cipitation products. Further, an overview of remote sensing was presented to the Univ. of Maryland chap-
ter of the American Meteorological Society, introducing students to geostationary and polar orbiting satel-
lites.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

RIO|lOCO|O(R|W|lO| W

# of undergraduate students mentored during the year

AMSR?2 EDRs forrain rate, wind speed, sea surface temperature, cloud liquid water, and total precipitable
waterare produced operationally by OSPO. Conference proceedings and a peer-reviewed manuscript on
the AMSR2 precipitation product wer published, plus two coauthored papers related to blended precipita-
tion products.
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Near Real-Time Precipitation Using Lightning

Task Leader  Patrick Meyers

Task Code EBPM_LTNG_15

NOAA Sponsor Michael Kalb

NOAA Office NESDIS/STAR

Contribution to CICS Research Themes (%) Theme 1: 50%; Theme 2: 50%; Theme 3: 0%

Main CICS Research Topic Data Fusion and Algorithm Development
Contributionto NOAA goals (%) Goal 1: 80%; Goal 2: 20%; Goal 3: 0%
Highlight Applications of lightning data for precipitation remote sensing are being expanded at the

CICS-MD Proving Ground and Training Center.

Background

Low earth orbit (LEO) satellites provide critical precipitation information for weather forecastingand moni-
toring. LEO observations supplement ground-based networks (i.e. radar) in data-poorregions, such as over
mountainous terrain and large water bodies, however low temporal sampling and relatively high datala-
tencyleaves muchto be desired by forecasters. Supplemental information could be used to advance re-
cent LEO precipitation observationstothe present, offering forecasters an estimate of the current precipi-
tationfield.

Lightningisemergingasvaluable parameterforsatellite precipitation estimation. Presence of lightning
identifies convective regions and can constrainin precipitation retrievals frominfrared. Raw ground-based
lightning datafrom regional lightning mapping arrays (LMAs) and Vaisala’s Global Lightning Dataset
(GLD360) are aggregatedintime and space to produce lightning density values. The time -evolution of the
lightning density field reveals storm motion, which can be used to propagate LEO precipitation estimates to
nearreal-time.

This project was funded out of end-of-yearfunds from NOAA/STAR. Baseline research is underway, and
most of the work will be done in 2016. Testingand development of the algorithmis conducted at the CICS-
MD Proving Ground and Training Center using systems that replicate National Weather Service forecast
workstations. A core component of the project will be formatting the resultant precipitation fields forin-
gestin the AWIPS-Il software.

Accomplishments

Most of the effortto date has beenspentlayingthe groundwork of the project. Ayear of data from
GLD360 was processed totrack the lifespan of persistent electrical storms. This dataset willbe used to
match with geostationary IRimagery and precipitation from passive microwave polar orbiters.

Some of the lightning work using the Washington DC LMA has received local media attention. The Capital
Weather Gang used two animations of regional lightning events on their social media feed, and the Sterling
NWS forecasting office also publicized the animation.

We have collaborated with many agencies to garnerinformation about operational and direct broadcast
functionalities. Attendinga Community Satellite Processing Package Users Meeting shed light onthe direct
broadcast capabilities of NOAA forecasting offices. Meetings with NOAAregional science officers informed

5
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us of the types of value-added products that can successfully be transitioned to operations. Collaboration
with colleagues at CIMSS will give us the framework to build offshore monitoring capabilities. The lessons

learned will be used to supportfuture projects aimed at producing valuable forecasting tools for NWS enti-
ties.

Facebook post from the Baltimore/Washington NWS Weather Forecasting Office of regional lightning.

Planned work

e Ateammemberwill beinvolvedinthe NASA/SPoRT Experimental Product Development Team
meetings. This workshop was intended to occurthis past year, but travel plans were canceled due
to inclement weather. This was funded through the GOES-R Visiting Scientist Program, CICS Task:
EBPM_FCCM_15.

e Create a basic precipitation field modified by lightning that can be visualized in AWIPS-llinthe
CICS-MD Proving Ground and Training Center.

e Use CIMSS’s ProbSevere models as the basis fora similar product outside of CONUS, while leverag-
ing other ongoing/proposed projects

e Interview forecasters atthe Ocean Prediction Centerand Weather Forecast Offices responsible for
off-shore forecasting and weather monitoring.

Products

None developed at this time. Eventually, aradar-like loop of precipitation from LEO satellites will be cre-
ated for use in AWIPS-II.

Presentations
Meyers, P. et al.: Propagation of JPSS precipitation retrievals using near real -time lightning data, AMS An-
nual Meeting, January 2016, New Orleans, LA, P744.

Meyers, P. et al.: Lightning Enhancement of Satellite Precipitation Estimates, CICS-MD Science Meeting,
October2015, College Park, MD.
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Meyers, P. et al.: Direct Broadcast activities at CICS-MD, Community Satellite Processing Package Users’
Group Meeting, April 2015, Darmstadt, Germany, P10.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

o|loc(o|j]o|j]o(Oo|Oo]| ©

# of undergraduate students mentored during the year

Only preliminary proof-of-concept work has been performed, hence the lack of trackable performance
metrics.



Volume II: CICS-MD CICS Annual Report 2016

GOES-R Surface Albedo Project

Task Leader  Shunlin Liang, Tao He

Task Code SLTH_GOESR_15

NOAA Sponsor Yunyue Yu

NOAA Office STAR/AIT

Contribution to CICS Research Themes (%) Theme 1: 40%; Theme 2: 40%; Theme 3: 20%.

Main CICS Research Topic Data Fusion and Algorithm Development
Contributionto NOAA goals (%) Goal 1: 50%; Goal 2: 50%
Highlight

Link to a research web page

Background

Surface albedois a key variable for driving climate, mesoscale, atmospheric, hydrological, and land surface
models. The accuracy of surface albedo also affects the reliability of weather prediction. Spectraldirec-
tional reflectance from satellite observationsis afundamentalremote sensing variable that has been used
for generatingvarious high level products. The frequent temporal resolution and multispectral information
from GOES-R/ABI make it a unique data source for characterizing surface anisotropy and thus mappingsur-
face albedo and directional reflectance.

The goal of thistask is to develop algorithms to generate GOES-R land surface albedo (LSA) and spectral
directional reflectance product. Previously, we have conducted some preliminary work on developing the
prototype algorithms: 1) we developed aframework to simultaneously retrieve instantaneous surface al-
bedo/reflectance and aerosol optical depth; 2) we applied the algorithm using MODerate resolution Imag-
ing Spectroradiometer (MODIS) observations as proxy dataand made extensivevalidations on surface al-
bedo and reflectance retrievals; 3) we also applied the algorithm to the Spinning Enhanced Visibleand In-
frared Imager (SEVIRI) onboard Meteosat and demonstrated the effectiveness of ouralgorithminalbedo
estimation using geostationary data; 4) we provided some preliminary science codes to the algorithminte-
gration team (AIT) for software implementation and process demonstration.

With the successful applications of ouralgorithm to both polar-orbiting and geostationary data, we planto
demonstrate that ouralgorithm will also work for GOES-R/ABI. Data from the Japanese Himawari AHI, with
a design of spectral bands and spatial resolution similarto ABl data, are used in this task to evaluate and
improve ouralgorithm. We will evaluate surface albedo and reflectance generated from the LSA algorithm
overdifferent surfaces, utilizing ground measurement and other satellite-derived products. Thisreport
summarizes our main accomplishmentsin algorithm and software development and products validation
duringthe past year.

Accomplishments
Duringthe past year, our majortask is to continue preparing for the software package using Himawari AHI
data as the proxy of GOES-R ABI. Our efforts to accomplish this goal include the following specific tasks:

1) Software package transferfrom using MSG/SEVIRIto using AHI as proxy

Due to the difference in datastructure, band design and spatial/temporal coverages between SEVIRI and
AHI, all the ancillary datausedin the software package need to be updated, which include atmospheric
lookup-table, narrow-to-broadband conversion, and shortwave albedo climatologies. We have finished

8
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preparing forthese ancillary dataand will be usingthem for both the pixel/point-based algorithm develop-
mentand image-based software package preparation. In February 2016, we delivered our Version 6 soft-
ware codes to AIT for them to test our algorithms.

2) AHI data preparation and extraction

The current AHI data archived at NOAA STAR servers are in two data formats. One was designed forthe
experimental period of Himawari-8, mostly in the first half of 2015. Onlyinthis period, the ground meas-
urements are currently availableforthe verification of ouralgorithm retrieval. However, there are no cloud
mask data available from NOAA. The otheris the dataformat forthe operational period of Himawari -8,
coveringthe second half of 2015. For this dataset, we can obtain both the satelliteradiance dataand cloud
mask data from NOAA. However, there are no ground measurements forvalidation.

Due to the data format and huge data volume, we extracted the top-of-atmosphere radianceforthe
shortwave bands from the raw data and reorganized the datastructure forour purposesinorderto test
our algorithm and software package ata laterstage.

3) Ground measurements collection

Ground measurements of surface albedo are crucial forthe validity test of the surface albedo/reflectance
algorithm. Inaddition tothe data we collected at one site in China, we were able to find additional ground
measurements forthe first quarter of 2015 at more than ten sitesin Australia. The datawere provided by
the OzFlux, which is a network of micrometeorological flux stations. The sites cover different regions of
Australiaand a variety of land covertypes.

4) Fineresolution satellite datacollection

Because the ground measurements are primarily obtained in Australia, fineresolution satellite data are
neededto help furtherexaminethe surface albedo retrievals at otherregions with an emphasison their
spatial consistency. We were acquiring datafrom Landsat 8 OLI in Australiaand China. Before we use them
to validate results from AHIl data, the surface albedo estimates from Landsat data will be validated against
the ground measurements.

5) MODIS albedo/BRDF data collection

Diurnal variationis one important signature of surface albedo, which can be monitored from the geosta-
tionary data. Due to the fact that there are no ground measurements currently available for the opera-
tional period of Himawari-8, we collected the MODIS albedo/BRDF data to investigate the surface albedo
diurnal variation. The diurnal albedo can be calculated directly using MODIS BRDF information. Based on
the MODIS data, we will be able to assess the uncertainties of the AHl albedo estimation at large solar zen-
ithangles.

6) Algorithm developmentand validation with AHI data

With all the ancillary dataneeded for estimating surface albedo from AHI data, we had successfully trans-
ferredthe point-based version of our albedo algorithm software from using SEVIRI data to AHI data. Valida-
tion has been made against ground measurements from OzFluxsites. An exampleis showninFig. 2, which
indicates that ourretrievingalgorithm works well to capture the intra-day and diurnal surface albedo varia-
tions. However, cloud mask datais missing from the AHI datasets during the first half of 2015, whichis crit-
icalin retrieving surface albedo at a broadertemporal and spatial domain.
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Planned work
e Task1-Algorithm Development
0 Cloud maskingwill be improved to reduce the subpixelclouds’ impact on LSA estimation.
0 Effortswill be made to derive aerosol type climatology from existing satellite products. An aer-
osol-specific LUT will be used based on the aerosol type climatol ogy.
0 Task 2 — Productvalidation against ground measurements
0 Ground measurements of LSA will be continually collected at sitesin China, Japan, and Aus-
tralia. GOES-R albedoretrievals will be validated against those ground measurements.

e Task 3 —Inter-comparison between GOES-R albedo and othersatellite products
0 Validationsandinter-comparison of the AHI-based LSA and reflectance will be made against
othersatellite products, such as MODIS, VIIRS, and Landsat.

e Task 4 - Software/Algorithm Integration and Testing
0 Withan extensive evaluation of the AHI-based and ABI-based algorithm, we will update our
software package and ATBD documentation accordingly and deliverthem to AlT for testing. In
addition, we will collect some sample test dataand evaluate the stability and accuracy of the
algorithm software under different scenario.

e Task5 - Algorithm Maintenance
0 Basedon thealgorithmrefinement progressand feedbacks from AlT on the test version soft-
ware package, our efforts will be made to maintain the software algorithm by updating the pa-
rametersand ancillary data.

e Task 6 —Enterprise algorithm development
0 Effortswill be made onthe enterprise algorithm developmentto ensure thatthe same science
algorithm from GOES-R ABI and JPSS VIIRS can generate consistent and accurate surface al-
bedo estimation and data quality information.

Publications (Peer-reviewed)

[1] Zhou, Y., D. Wang, S. Liang, Y. Yu, and T. He, (2016). Assessment of the Suomi NPP VIIRS land surface
albedo data using station measurements and high-resolution albedo maps. Remote Sensing, 8(2), 137, doi:
10.3390/rs8020137

[2] He, T., S. Liang, D. Wang, Y. Cao, F. Gao, and Y. Yu, (underreview). Deriving aglobal land surface albedo
product from Landsat MSS, TM, ETM+, and OLI data based on the unified direct estimation approach. Re-
mote Sensing of

Products

GOES-R surface albedo and reflectance products will be generated from this project.

Liang,S., D. Wang, T. He, and Y. Yu, (2011). GOES-R Advanced Baseline Imager (ABI) algorithm theoretical
basis documentforsurface albedo. NOAA/NESDIS, Version 2.0

Other

Graduate Students, Yi Zhang, Yuhan Rao, and Yunfeng Cao, are currently supported and advised under this
project
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Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

O W R IO|IO|N|R| R

# of undergraduate students mentored during the year
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JPSS Microwave Integrated Retrieval System (MiRS) Calibration and Validation

Task Leader: Christopher Grassotti

Task Code: EBCG_JMIR_15

NOAA Sponsor: Quanhua (Mark) Liu

NOAA Office: NESDIS/STAR/SMCD/SCDAB

Contribution to CICS Research Themes (%): Theme 1: 20%, Theme 2: 80%.

Main CICS Research Topic: (1) Data Fusionand Algorithm Development

Contributionto NOAA goals (%): Goal 1: 0%, Goal 2: 100%, Goal 3: 0%

Highlight: Delivery of updated MiRS Version 11.1to NOAA operations forall NOAA operational microwave
satellites/sensors. V11.1includes numerous changes leading to significantly improved retrievals of atmos-
pherictemperature, watervapor, land surface temperature, and hydrometeors.

Link to a research web page: http://www.mirs.nesdis.noaa.gov

Developing and Refining Microwave Integrated Retrieval System (MiRS) High Resolution
Snow/Ice Products

Task Leader: Christopher Grassotti

Task Code: EBCG_PMIR_15

NOAA Sponsor: Quanhua (Mark) Liu

NOAA Office: NESDIS/STAR/SMCD/SCDAB

Contribution to CICS Research Themes (%):Theme 1: 20%, Theme 2: 80%.

Main CICS Research Topic: (1) Data Fusionand Algorithm Development

Contributionto NOAA goals (%): Goal 1: 0%, Goal 2: 100%, Goal 3: 0%

Highlight: Addition of snow grain size as preliminary operational product. Addition of seaice age (first
yearand multiyearice) as operational product. Validation of both snow water equivalent and snow grain
size performed by comparison with several reference data sets for a 6-month period in winter 2012-2013
season. All operational products generated at high-resolution.

Link to a research web page: http://www.mirs.nesdis.noaa.gov

Background

Thisreport summarizeswork performed on the Microwave Integrated Retrieval Sy stem (MiRS)forthe period
April 1, 2015 through March 31, 2016. The Microwave Integrated Retrieval System (MiRS) has been the
NOAA official operational microwave retrieval algorithm since 2007 and is currently run operationally on
microwave data from NOAA, Metop, DMSP and Suomi-NPP polar orbiting satellites, and on data from Me-
gha-Tropics/SAPHIR. It has also been run experimentally on data from TRMM/TMI, Aqua/AMSR-E, GCOM-
W1/AMSR2, and GPM/GMI. The inversion within MiRS follows a 1D-variational methodology, in which the
fundamental physical attributes affecting the microwave observations are retrieved physically, including the
profile of atmospherictemperature, watervapor, hydrometeors, as well as surface emissivity and tempera-
ture. The community radiative transfer model (CRTM) is used as the forward and Jacobian operatorto sim-
ulate the radiances at eachiteration priorto fitting the measurements to within the noise level. The retrieved
surface properties are then used to determine surface physical characteristics, including, when appropriate,
cryospheric parameters such asseaice concentration, ice age,and snow wateramount, and snow grain size,
using pre-determined relationships that link emissivity and effective skin temperature to these parameters.

12
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These links are based, in part, on physical modeling of snow and ice radiative properties. MiRS is has also
beenintegrated into the CommunitySatellite Processing Package (CSPP), developed at the University of Wis-
consin/Space Science and Engineering Center.

Accomplishments
Note: all efforts funded at 50% by PSDIland 50% by JPSS ADP

4-15-15 Presentation at the CSPP/IMAPP Users’ Group Meeting Chris Grassotti

Presented MiRS Community Satellite Processing Package (CSPP) results at the Users’ Meeting held at EU-
METSAT, Darmstadt, Germany. This allowed usersto see the improvements that would be containedin the
upcoming release of CSPP_MIiRS_2.0, which was officially released in October 2015 (see below).

6-25-15 MIRS Algorithm Readiness Review Chris Grassotti

Planned and led an important Algorithm Readiness Review (ARR) presentation to NOAA management and
stakeholders. This was a significant milestone, in which a new version of MiRS was presented (v11.1) in prep-
aration for delivery to operational use. Significant changes to MiRS in this version of MIRS included substan-
tial improvements to the temperature and water vapor sounding, integration of a snowfall rate (SFR) algo-
rithm, and extension to DMSP F18/SSMIS data processing, and updating of the snow water and snow grain
size retrieval procedure (see figures 1 and 2 below). Several new variables, snow grain size and sea ice age
were added to the list of MiRS official retrieval products. Additionally, the integration of snowfall rate into
the MIRS processing package will allow NESDIS operations (OSPO) to turn off their stand-alone SFR pro-
cessing algorithm.

13
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Figure 1: Comparison of MiRS Snow Water Equivalent (mm) from NOAA-18 AMSU/MHS with the JAXA
AMSR?2 official product. Right hand panels show the improvement made in the latest version of MiRS
(v11.1) comparedto the previous version.

14
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Figure 2: Comparison of MiRS Snow Grain Size (mm) from NOAA-18 AMSU/MHS with the GlobSnow prod-
uct. Upperright hand panel shows the improvement made in the latest version of MiRS (v11.1) compared
to the previousversion (upperleft).

08-06-15 MIRS Official Delivery to Operations for non-ATMS Processing Chris Grassotti
Supervised delivery of MiRS to NOAA/NESDIS/OSPO in August 2015.This supported processing of all non-
Suomi/NPP operational microwave satellites.

09-15-15 MIRS Official Delivery to Operations for SNPP/ATMS Processing Chris Grassotti
Superviseddelivery of MIRS to operations for Suomi-NPP/ATMS processing at NPOESS Data Exploitation Pro-
ject System in September 2015. Subsequently, products based on the updated MiRS version have been ar-
chived in the NOAA CLASS archive since November 2015.

8-28-15 SCSB/CICS-MD Presenters at the JPSS Science Meeting Chris Grassotti

The STAR JPSS 2015 Annual Science Team Meeting was heldthis week, August 24-28 August 2015 at NCWCP
in College Park, MD. Chris Grassotti, gave atalk entitled “MiRS ATMS Retrievals: Algorithm Updates, Product
Assessment, and Preparations for JPSS-1."

10-16-15 MIiRS Observes Typhoon Soudelor’s 3D Hydrometeor Structure Chris Grassotti

Typhoon Soudelor recently struck both Taiwan and the mainland of China causing significant damage and
loss of life due to high winds, heavy rainfall and flooding (see figure 3).
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Figure 3: MiRS retrievals of hydrometeor and temperature structure around Typhoon Soudelor from Suomi-
NPP/ATMS microwave observations at 0445 UTC on 6 August 2015. Panels show surface rain rate (top left),
rain water 0.01 mm isosurface with temperature profile superimposed (top right), graupel water 0.05 mm
isosurface with temperature profile superimposed (bottom left), and a vertical cross-section along 21 de-
grees north latitude of both rain and graupel water (bottom right).

CICS-MD Scientist Chris Grassotti and his colleagues at STAR/SMCD applied the MiRS retrieval algorithmto
Suomi-NPP/ATMS microwave data obtained on 6 August, approximately 24 hours priorto landfall. The MiRS
algorithm simultaneously retrieves not only the atmospheric profiles of temperature and water vapor, but
also atmosphericrain water, graupeland cloud, makingit possible to reconstruct the 3-dimensional structure
of the storm. The results show that the 3-dimensional structure of atmosphericrainand ice, as well as the
surface rain rate are realisticallyretrieved, with maximum surface rain rates of 16 mm/h, and the storm core
structure presentin both rainand graupel fields. Importance: Accurate near real time estimates of tropical
cyclone intensity and structure are a key component of generatingreliable warnings to the public of related
weather hazards. The retrieval of storm structure also provides an opportunity forresearchers to test phys-
ical assumptions of weather forecast and radiative transfer models. POC: C. Grassotti and X. Zhan

10-23-15 AMSR-2 and ATMS Imagery Related to Joaquin and S.C. Floods Chris Grassotti
Through a collaborative effort that pulled together an assortment of watervaporand precipitation prod-
ucts that are part of NOAA's JPSS program (e.g., GCOM AMSR-2 and S-NPP ATMS) in which SCSB (R. Fer-
raro, S. Rudlosky) and CICS-MD (J. Park, P. Meyers, C. Grassotti) scientists are heavily involved with, acom-
pilation of the products was sent to JPSS Project Scientist (M. Goldberg) and his staff for their future use.
The water vapor products depicted a strong connection between Joaquin's moist environment and the
strong mid-latitude disturbance that eventually dumped the excessive rain over South Carolina (seefigure
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4 forimage from ATMS below). Additionally, the rate rate products performed relatively well during the
event.

Figure 4: MiRS retrievals of rain rate and total precipitable water structure associated with the extreme
rainfall and flooding eventinthe southeast US from Suomi-NPP/ATMS microwave observations on 4 Octo-
ber2015.

Importance: NOAA's JPSS satellite program provides valuable information to support NOAA's Weather
Ready Nation mission goal. POC:R. Ferraro, S. Rudlosky, J. Park, P. Meyers, C. Grassotti

10-23-15 MIRS Version 11.1 Operational at NDE and withinthe CSPP package  Chris Grassotti

As of 15 October, MiRS version 11.1 is now officially operational within the Suomi-NPP Data Exploitation
(NDE) system, providing updated versions of all operational products from ATMS data to users. In addition,
MiRS version 11.1 has also been integrated into the Community Satellite Processing Package (CSPP) devel-
oped atthe University of Wisconsin/Space Science and Engineering Center for use with direct broadcast data
from S-NPP/ATMS, as well as from AMSU-MHS data from MetopA, MetopB, NOAA-18, and NOAA-19. Im-
portance: The significance of this update isit replaces the previous operational version of MiRS (v9.2) and
includesanumberofimportant science and algorithm enhancements thatyield improved temperature and
water vapor retrievals, precipitation estimates, cryospheric products, as well as a transition to high resolu-
tion for all AMSU-MHS retrievals. POC: C. Grassotti

1-8-16 C. Grassotti Presents MiRS Poster at AGU Chris Grassotti

CICS-MD Scientist Christopher Grassotti presented a poster on recent scientificimprovements to the Micro-
wave Integrated Retrieval System (MiRS). MiRS is a One-Dimensional Variational inversion scheme (1D-Var)
that employs the Community Radiative Transfer Model (CRTM) as the forward and adjoint operators. It sim-
ultaneously solves for surface (Tskin, emissivity), and atmospheric parameters (temperature, water vapor,

17



Volume II: CICS-MD CICS Annual Report 2016

non-precipitating cloud and hydrometeor profiles). Miris currently being run operationally at NOAA for Su-
omi-NPP/ATMS, POES N18/N19, Metop-A, Metop-B, DMSP-F17/F18, and Megha-Tropiques/SAPHIR.

Description Benefit

Extensionto high (MHS) resolutionfor | Improved depiction ofsmall-scale features: CLW, RR, WV, ice edge
AMSUA-MHS (LR=30 FOVs /scan,
HR=90FQVs /scan)

Extensionto high (ENV) resolutionfor | Betterdepiction of small-scale features: CLW, RR, WV, ice edge
SSMIS

(LR=30 FOVs/scan, HR=90FOVs/scan)
Integration of CRTM 2.1.1 Better sync with CRTM development cycle; more realisticice waterre-
trievals (Jacobians)

New radiometric bias corrections for Neededforconsistency with CRTM 2.1.1

allsensors

Integration of new dynamic (varies Large improvementin T, WV sounding; reduction in ave rage number of
spatially, temporally) a priori atmos- iterations;increase in convergence rate

phericbackground

Updated hydrometeor/rainrate rela- Improved RR overlandandocean

tionships

Updated hydrometeor a priori back- Improved RR overland and ocean; improved s ounding products in
ground profiles rainy conditions

Updated surface type preclassifier Improvedsnow detection for conical scaninstruments

New parameter: SnowfallRate (SFR) New product, supplements rainrate. At NOAA, separate OSPO/MSPPS
processing can be turned off; potential for leveragingreal-time MiRS
retrieval products rather than GFS forecasts

Snow Water Equivalent (SWE) s pa- Betterspatialand temporal constraint on SWE; alsoimproved SGS re-
tially-temporally variable climatology trieval

background

Snow GrainSize (SGS)andSealce Age | New product, satisfiesoperationaluser request

(SIA)

UpdatedallSnow Emissivity Catalogs: | Smootherdistributions for SGS, SWE, larger dynamic range for SGS.
finer SGSdiscretization and larger
physical ranges

Miscellaneous changes to improve Matrix pre paration time re duced from 40% to 5% of 1dvar
code efficiency, bug fixes

The table above from the posterlists the improvements and benefits of the newly-released version 11.1 of
MIiRS. Importance: Retrieval systems like MiRS are critical to ensuring the precision and accuracy of NOAA’s
satellite-based products. POC: C. Grassotti

1-12-16 Contributionto STAR JPSS Big Screen Demo at AMS Meeting Chris Grassotti
The MIRS project provided several animation visualizations for the STAR JPSS demo that took place on 12
January 2016. These visualizations were animations of MiRS retrieval products that highlighted the im-
portant capabilities of the algorithm for observing significant weather events occurring at a global scale. For
example, one visualization contained aweek-long sequence of MiRS 850 hPa temperature retrievalsin late
December 2016 that captured the anomalous warm event over the Arctic region.

1-28-16 Declaration of MiRS Land Temperature Profile Operational Quality Chris Grassotti

Based on extensive comparisons with reference data such as radiosondes and global analyses from GDAS
and ECMWEF, the project developed the supporting materialand sent an officialannouncement to stakehold-
ers of the operational quality of temperature profiles over land surfaces. Prior to this announcement, only
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over-ocean temperature profiles were considered to be of sufficient accuracy to be declared operational

quality. One of the majorimprovementsinthe v11l.1of MiRS is the significantly improved temperature pro-
file retrievals over land.

Planned work

e Extend MiRSto processdata from the Global Precipitation Mission Microwave Imager GPM/GMI).
Validate products.

e Extend MiRSto process data from the DMSP F19/SSMIS instrument. Validate products.

e ConductAlgorithm Readiness Reviews for GPM/GMI and F19/SSMIS, and deliver updated MiRS
package to NESDIS operations (OSPO).

e Extend MiRSto process ATMS data from the upcoming JPSS-1mission. Test with proxy data prior
to launch (*March 2017). Post-launch, conduct tuning and calibration/validation of MiRS JPSS-
1/ATMS products. Deliver preliminary operational MiRS package to operations at NDE.

e Integrate snowfallrate (SFR) algorithm for ATMS (provided by H. Meng) into the MiRS package.

e Continue calibration/validation activities forall ATMS products.

Products
The table below lists the official operational products generated routinely by the MIRS algorithm.

MiRS Operational Products

Atmospheric Temperature profile
Atmos pheric Water Va por profile
Total Precipitable Water

Land Surface Temperature

Surface Emissivity Spectrum

Total Sealce Concentration

FirstYearSealce Concentration

Multiyear Sea Ice Concentration
Snow Cover Extent

Snow-Water Equivalent

Snow GrainSize

Integrated Cloud Liquid Water
Integrated Graupel Water Path
Integrated Rain Water Path
RainfallRate

Snowfall Rate (AMSU/MHS only)

Presentations

Grassotti, Christopher

Review of MiRS Improvements and Integration within CSPP
CSPP/IMAPP Users’ Group Meeting

EUMETSAT, Darmstadt Germany

4/14/2015 to 4/16/2015

Grassotti, Christopher
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MiRS ATMS Retrievals: Algorithm Up-dates, Product Assessment, and Preparations forJPSS-1
STAR JPSS Annual Science Team Meeting
College Park, MD

8/24/2015 to 8/28/2015

Grassotti, Christopher
CICS-MD Science Meeting
College Park, MD
11/23/2015 to 11/24/2015

Grassotti, Christopher

Microwave Integrated Retrieval System: Recent Science Improvements
AGU Fall Meeting

San Francisco, California

12/14/2015 to 12/18/2015

Grassotti, Christopher, Xiwu Zhan, Sid Boukabara, Mohar Chattopadhyay, Craig Smith, Tanvirlslam, and
James Davies

The NOAA Microwave Integrated Retrieval System (MiRS): Recent Science Improvements and Validation
Results

AGU Fall Meeting

San Francisco, CA

12/14/2015 to 12/18/2015

Performance Metrics

# of new or improved products developed (pleaseidentify below the table) 10

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations 1

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year

New or Improved Products Developed —All are produced in operations
e Temperature Profiles overboth Land and Ocean (Improved)
e Water Vapor Profiles overboth Land and Ocean (Improved)
e Integrated WaterVapor, TPW (Improved)
e Land Surface Temperature (Improved)
e RainRate (Improved)
e Graupel Water Path (Improved)
e Snow Water Equivalent (Improved)
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e Snow Grain Size (New)
e Sealce Age (New)
e Snowfall Rate (New, integrated existing external algorithm developed by H. Meng)

21



Volume II: CICS-MD CICS Annual Report 2016

Validation of Operational AMSR2 SSTs

Task Leader Andy Harris

Task Code AHAH_AMSRE_15

NOAA Sponsor Mitch Goldberg

NOAA Office NESDIS/JPSS

Contributionto CICS Themes (%) Theme 1: 50%; Theme 2: 50%; Theme 3: 0%.
Main CICS Research Topic Data Fusion and Algorithm Development
Contribution to NOAA Goals (%) Goal 1: 0%; Goal 2: 50%; Goal 3: 50%;

Highlight: A third version of the GAASP AMSR-2 SST product, utilizing a different algorithm, has been evalu-
ated and significant algorithm artifacts were identified. Furtheradvice was passed back tothe GAASP de-
velopmentteam toinform theirenhancementstothe Day-1SST algorithm. Validation has beenredonefor
a 4" version of the product and results are now much improved.

Background

The ability toretrieve SSTs even with 100% cloud cover is an invaluable asset for ocean forecasting and nu-
merical weather prediction, especially during winter months. Forexample, the ability to observerapidly
varying SSTs due to strong mixing during the passage of hurricanesis especially useful during the high ac-
tivity phases of the hurricane season. The AMSR-2 microwave imaginginstrument canretrieve SSTs
through clouds, and product isimpervious to aerosol contamination. Inaddition, AMSR-2carries anew
channel at 7.33 GHz that has the potential to assistin regions of light precipitation and in mitigating the
effect of RFl contamination onthe retrieval. Itisforthese reasonsthatthe timely provision of AMSR-2SST
observationsisahighly desirable goal foranumber of oceanographic, climate and weather applications.

Accomplishments
The most important aspect of the work is to conduct an independent evaluation of the GAASP AMSR-2SST
product prior to operations. This:

a) Servesasvalidation of the end-product, and provides feedback for furtheradjustmentandim-
provement, asrequired

b) We foundthat comparison against Level-4analysesis avery powerful tool to identify potential
anomalies.

¢) Cross-comparison of errorsidentifiedin (d) against other derived parameters (wind speed, precipi-
tation, cloud liquid water and water vapor) aids in discernment of cross-product feedback.

Figure 1 showsthe behaviorof SST errorwith respectto wind speed fordaytime data. Inour previous re-
port, we indicated that daytime dataare expected to demonstratea positive bias as wind tends to zero.
This effectisillustratedin the right-hand plot for Figure 1, which shows the result forthe Remote Sensing
Systems (RSS) AMSR-2SST retrievals. However, this anticipated behavioris not replicatedin the revised
GAASP SST product. The previous version of the GAASP product showed essentially no warming, so this
might be considered something of animprovement. However, the exclusion of data at the very lowest
windspeedsisindicative of the revised algorithmicapproach taken by the GAASP developmentteaminre-
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sponse to the feedback we gave lastyear. In thisversion, they decided to adopta Bayesian probability ap-
proach with a profile library search. The library appears to have had essentially no data close to zero wind-
speed. However, the resultant quantizationin SST causes greater problems.

Figure 1. Bias in SST retrieved from AMSR-2 with respect to OSTIASSTAnalysis. Left panelshows bias for
revised daytime GAASP data while right panel shows the same plot for RSS data. The lines in the R.H. plot
are dueto digitization of the wind values in the GHRSST L2P format.

Figure 2 shows the difference between the revised GAASP AMSR-2SSTs and the UK Met Office OSTIA SST
analysisforasingle day. The image shows a number of artifacts, most obvious of which are the quantized
areas of SST bias, and steppingartifacts due to attempts to speed up the excessively slow library search.
The latterare particularly evident at high Southern latitudes.

Figure 2. Bias in GAASP SST retrieved from AMSR-2 with respect to OSTIA SST Analysis for ascending
passes, 2014-05-04. The color scale runs from -2 K to +2 K.
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As mentioned above, we have performed similar
analyses on AMSR-2 SST data obtained from NASA
JPL that were originally processed by RSS. Results
for these dataare significantly improved with re-
spectto the GAASP product (r.m.s. of 0.55 K cf. ~0.8
K). At least some of that gain may be due to the cal-
ibration methodology that RSS have developed.

In response toourextensivefeedback and sugges-
tions, the GAASP algorithm team developed a 4t
version of the product, which has recently beenval-
idated and s a substantial improvement (0.62 K
rms), with error characteristics that are broadly sim-
ilarto those observedin other SST products. Some
residual bias dependencies remain and these find-

ings have been passed back to the team. Figure 3 showsthe equivalent plotto Figure 1, butfor the latest

version of the algorithm.

Planned Work

Below are the planned activities on this project. Addi-
tional progressis anticipated on some of the following
tasks, since they are being undertaken/completed this

year (i.e. intended by end-June 2016)

Figure 3. Dependence on windspeed for
latest version of GAASP SST algorithm.
Note the improved density at low wind-
speed and overall reduction in scatter cf.
left-hand panel of Figure 1.

e DevelopaGHRSST Level-2P Sensor Specific Error Statistics algorithm to account forresidual errors

inthe GAASP AMSR-2 SST product
e Developatemplate for GHRSST L2P format

e Continuetoprovide feedback on furtherrevisions tothe GAASP AMSR-2SST product development

team

Products

e Report on GAASP AMSR-2 SST product accuracy;
e Contribution of materials to NOAA design reviews.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year

o|lo({o|o|o(Oo|Oo]| o
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Performance Metrics Explanation

Thistask is only part of a major NOAA effort to produce SSTs (and other geophysical products) from AMSR-
2 data. Thus, while it contributes to that effort, no products are produced explicitly as part of this task.
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Incorporation of Himawari-8 SST into 5-km Blended SST Analysis

Task Leader Andy Harris

Task Code AHAH_H8SST_15

NOAA Sponsor Tom Schott

NOAA Office NESDIS/OSGS

Contribution to CICS Themes (%) Theme 1: 50%; Theme 2: 50%; Theme 3: 0%.
Main CICS Research Topic Data Fusion and Algorithm Development
Contribution to NOAA Goals (%) Goal 1: 0%; Goal 2: 50%; Goal 3: 50%

Highlight: The experimental version of the ACSPO Himawari-8 SST product has been successfully incorpo-
rated intothe Geo-Polar Blended SST analysis. The Himawari-8 data are higherresolution and less noisy
than those fromthe previous generation MTSAT-2 Imager. The results are encouraging for the prospect of
including datafrom the upcoming GOES-R and, in the future, Meteosat Third Generation.

Background

NESDIS have beeninthe process of developinganew high-resolution (0.1°x0.1° and 0.05°x0.05°) global SST
analyses to replace the previous 100-km, 50-km and 14-km (regional) products. The new scheme, which
uses a recursive estimatorto emulate the Kalman filter, also provides continuously updated uncertainty es-
timates foreach analysis grid point. Since the analysisis entirely satellite-based, thereis no explicit attempt
to correct regional biases to aninsitu standard. However, biases betweenindividual datasets are corrected
in a statistical manner, with certain assumptions of persistence and correlation length scale.

Improvements have been made to the analysis by assimilating a thinned version of the OSTIA as the bias-
free datasettowhich others are adjusted. The impact of the OSTIA datais negligible wherethereis adequate
density of other observation. The intent is to move to a fully-independent revised bias correction scheme
to take advantage of SST data from the recently-launched Sentinel-3 SLSTR instrument.

Substantial coverage gainshave been afforded by utilizing carefully bias-corrected geostationary data. These
benefits have been realized for many important regions of the world’s oceans, include critical ecological
areas such as the Coral Triangle and Great Barrier Reef. In the latter regions, much of the input data came
fromthe MTSAT-2instrument, which has now beenreplaced by the “next-generation” Himawari-8 platform.
In order to continue to service the region, and maximize the benefit of the AHI imager, which should be
capable of producing more accurate SSTs thanits predecessor,itisimportantto adaptthe Blended SST Anal-
ysis system to incorporate SST data from Himawari-8.

Accomplishments

The most important aspect of the work is to incorporate SST data derived from Himawari-8radiancesinto
the Geo-PolarBlended SSTanalysis. Ideally, the SSTdatashould be from an operational source in orderto
ensure continuity. The followingstages have been identified:

d) AdaptblendedSSTingestion softwareand incorporate experimental version of ACSPO Himawari-8
SST productinto operational Geo-Polar Blended SST analysis. Thisis essentialto maintain product
accuracy in the W Pacific;
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Figure 1. Top panelshows resultant field of nighttime Himawari-8SST data ingested onto 5-km analysis
grid for March 24, 2016. The concomitant Geo-Polar Blended SST analysis forthe same day is shown in
the bottom panel.

e) Ingestthe BoM operational Himawari-8SSTin a parallel trial of the Geo-PolarBlended SSTanaly-
sis;Compare the accuracies of the Blended SST analyses using ACSPO and BoM Himawari-8 data,
and switch to BoM data if product accuracy is not degraded;

f) Make refinementsto analysis software toinclude operational version of ACSPO Himawari-8SST
data whenthose become available

Stage 1 has been successfully completed in orderto provide continuity of coverage forthe W Pacific. Fig-
ure 1 (top panel) shows a detail of the nighttime Himawari-8 SST data ingested onto the 5-km analysis grid
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for asingle day. Thereisno discernable evidence of detector striping that was becominganissue with the
MTSAT-2 Imager, and features are well-resolved (e.g. in the Sulu Sea, between the Phillipines and Borneo).
The resultant Geo-Polar Blended SST analysis forthe same day can be seenin the bottom panel of Figure 1.
The benefits of utilizing the data-weighted correlation length scales can be discerned by the way that fea-
turesinthe ingested Himawari-8 SSTfield are largely preserved in the resultant analysis.

Planned Work

Below are the planned activities on this project. Additional progressisanticipated on some of the follow-
ing tasks, since they are being undertaken/completed thisyear (i.e. intended by end-June 2016)

e Assimilatethe Australian Bureau of Meteorology (BoM) operational Himawari-8 SST productinto a
parallel version of the Geo-PolarBlended SSTanalysis

e Performcomparisons between blended SSTs using experimental ACSPO and BoM operational
Himawari-8SSTs

e Refine scheme touse operational ACSPO Himawari-8 SSTs when those become available

Products

e Update documentation to reflect use of ACSPO and/or BoM Himawari SSTs as needed;
e Updates to code for ingestion of Himawari-8 SSTs as needed.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

Ol |0O|C(OC|kR| K

# of undergraduate students mentored during the year

Performance Metrics Explanation
Himawari-8SSTs are now beingingested into the NOAA Operational Geo-Polar Blended SST analysis. The
code has been ported to NOAA Operations (OSPO).
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Development of Global Soil Moisture Product System (SMOPS)

Task Leader : ChristopherHain
Task Code: CHCH_SMOPS_15
NOAA Sponsor Xiwu Zhan

NOAA Office STAR

Contribution to CICS Research Themes (%) Theme 1: 70%; Theme 2: 30%
Main CICS Research Topic Data Fusion and Algorthimn Development
Contributionto NOAA goals (%) Goal 1: 40%; Goal 2: 25%; Goal 3: 35%

Highlight: We have finished ingesting ASCAT soil moisture data from MetOp-Binto SMOPS and the new
SMOPS version (V1.20) has been operationally running since July, 2015 at OSPO. We have finished upgrad-
ing SMOPS to Version 2.0that includes GCOM-W1AMSR2 L2 orbital soil moisture retrievalsand SMOS NRT
soil moisture retrievals. The code has been delivered to OSPO and the operational systemis expectedto be
updatedin Aprial, 2016.

Link to a research web page http://www.ospo.noaa.gov/Products/land/smops/index.html

Background

SMOPS went operational in later 2012 with external soil moisture productinputs from SMOS, ASCAT-A,
and WindSat. It grids all the orbital soil moisture orbits from thesesensors and out- puta global gridded
soil moisture map foreach sensorat a quarterdegree resolution every 6 hours. In additionto the gridded
soil moisture layers, SMOPS also generates ablended soil mois-ture layerthat merges all the availablesoil
moisture values using acumulative distribution func- tion (CDF) approach. As soil moisture databecame
available from MetOp-B ASCAT, MetOp-B ASCAT soil moisture has been added in SMOPS. Afterthe suc-
cessful launch of JAXA’s GCOM-W1satellite May 18, 2012, a soil moisture environmental datarecord (EDR)
from Ad-vanced Microwave Scanning Radiometer (AMSR2) onboard GCOM-W1is now being generated at
NOAA. This product has also beeningestedin SMOPS. Toimprove the data latency of SMOS soil moisture
generation, we are also developed an algorithm to generate SMOS soil moisture inside SMOPS such that
more SMOS data will be usedin SMOPS.

Accomplishments

SMOPS code has been updated (V1.2) toinclude soil moisture datafrom MetOp-B ASCAT.

SMOPS Version 2.0code has been completed and delivered to OSPO. This version of SMOPS added
GCOME-W?2 soil moisture and SMOS NRT soil moisture retrieved by SMOPS algorithm. Itis now undertest-
ing on the operational system and will go operational in coming months. Be cause of the data quality and
life cycle issues, WindSat soil moisture layeris eliminated from SMOPS Version 2.0and will not be pro-
duced operationally once this new version goes opera- tional. Table 1shows the data layers forthe SMOPS
version (V1.2) and the future version of SMOPS (V2.0).
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Table 1. Soil Moisture data layers of SMOPS current version (V1.2) and future version (V2.0).

Layer Name (V1.2) Name (V2.0, working
on)
1 Blended Blended
2 AMSR-E NRT SMOS
3 SMOS ESA SMOS
4 ASCAT-A ASCAT-A
5 ASCAT-B ASCAT-B
6 WindSat AMSR?2
7 Reserved Reserved

Data link forthe Global Precipitation measurement (GPM) Microwave Imager (GMI) brightness tempera-
ture has been established. Codesforreadingand gridding this dataset has been complet-ed. Figure 1
shows an example of brightness temperature map gridded using the reader.

Hn"!‘!ﬁ,"‘r

=

GraDS: COLASIGES

Figure 1. GMI L1CR brightness temperature (Channel 10.7 GHz, H).

Data link for SMAP Near Real Time (NRT) brightness temperature data has been established and the codes
for readingand processing this dataset has been completed. Figure 2shows an ex-ample of the gridded

SMAP NRT brightness temperature.
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GraDE: SOLASIBES

Figure 2. SMAP NRTL1B brightness temperature (H-Pol).

Planned work

Work with OSPO to test the updated SMOPS V2.0 code and make itoperational.
Continue working on ingesting GPM/GMI soil moisture and SMAP soil moisture.

Products

SMOPS V2.0 code.

GMI brightness temperature data processing code.

NRT SMAP brightness temperature data processing code.
Testing algorithms for GMI and SMAP soil moisture retrieval.

Presentations
Comparison of different methods to Merge Satellite Soil Moisture Products from Different Sensors”,
JichengLliuetal., CICS-MD Science Meeting, November, 2015.
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Performance Metrics
# of new or improved products developed (pleaseidentify below the table) 1
# of products or techniques submitted to NOAA for considerationin operations use 1
# of peer reviewed papers 0
# of non-peered reviewed papers 0
# of invited presentations 0
# of graduate students supported by a CICS task 0
# of graduate students formally advised 0
# of undergraduate students mentored during the year 0

Performance Metrics Explanation
The new version of SMOPS delivered to OSPO will have both AMSR2and NRT SMOS soil moisture products
included, therefore, an even better spatial coverage of the 6-hour product.
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Blended Sea Ice Concentration Code for the IMS

Task Leader CezarKongoli

Task Code CKCK_BICA_14 & CKCK_IMS3_15

NOAA Sponsor National Ice Center

NOAA Office NESDIS/STAR

Main CICS Research Topic Data fusion and algorithm development

Percent contribution to CICS Themes Theme 1: 70%; Theme 2: 30%; Theme 3: 0%.
Percent contribution to NOAA Goals Goal 1: 20%; Goal 2: 80%

Highlight: A new blended ice concentration analysisis being developed for operational application at
NOAA’s National Ice Center (NIC). As part of this project, several improvements have also been made to
the operational IMS snow depth analysis product.

Background

A new 1-kmblendedice concentration analysis productis being developed at the National Ice Center. The
analysis blends avariety of datasourcesincluding VIIRS, AMSR-2 and analyst-derived ice concentration es-
timates and up-scalesthemto 1-km resolution. Current data sources all lack the spatial, temporal, or accu-
racy requirements needed to provide NOAAand the National Weather Service (NWS)to meettheir model-
ingneedsfornavigationinoraround the ice. Improvement ofice concentration monitoringin NOAA Na-
tional Ice Center’s (NIC) snow and ice analysis system willallow NIC to provide timely, superior and objec-
tive ice monitoring while notaddingto currentanalysis productiontime. As part of this project, several
improvements are also being made to the IMS 1-km operational blended snow depth analysis product. The
snow depth analysis blends in-situ, climatology, microwave and analyst data using optimal interpolation
methodology. Improvements to the productinclude more realisticadjustment of data errors, improved
snow depth-elevation climatology relationships. Ingest of AMSR2 snow depth and adjustment of analysis
scheme overtransitional snow areas.

Accomplishments

For the blended snow depth analysis product, accomplishments include the following:

» Adjustmentof dataerrorsand an improved blending of background with current analysis scheme
> Ingest of AMSR2 snow depth data

Publications
Non-peerreviewed papers

Kongoli, C.andS. Helfrich, 2015. A multi-source interactive analysis approach for Northern hemispheric
snow depth estimation, Proceedings of the Geoscience and Remote Sensing Symposium (IGARSS), IEEE In-
ternational, Milan, Italy, DOI: 10.1109/IGARSS.2015.7325878

Kongoli C, S. Healfrich and R. Kuligowski, 2015. Satellite-based estimation of hydrologiccomponents, Pro-
ceedings of the 5th International Conference on Ecosystems, ICE 2015, Tirana, Albania,ISBN: 978-9928-
4248-4-6.

33


https://www.researchgate.net/publication/286623134_A_multi-source_interactive_analysis_approach_for_Northern_hemispheric_snow_depth_estimation?ev=prf_pub
https://www.researchgate.net/publication/286623134_A_multi-source_interactive_analysis_approach_for_Northern_hemispheric_snow_depth_estimation?ev=prf_pub

Volume II: CICS-MD CICS Annual Report 2016

Peer-reviewed papers

Kongoli C, S. Helfrich and R. Kuligowski, 2015. Satellite-based estimation of hydrologiccomponents —Appli-
cationto Snow and Precipitation, International Journal of Ecosystems and Ecology Science (1JEES), 5(2),
261-268

Kongoli, C., 2015. Optimal interpolation of in-situ and satellite passive microwave datafor global snow
depth estimation, Internationaljournal of ecosystems and ecology science (IJEES), 5(4), 637-642.

Planned Work

» Improve blending snow depth algorithm
» Testimprovementsand transitionto operations

Performance Metrics

# of new or improved products developed 1
# of products or techniques transitioned from 0
research to ops

# of peerreviewed papers 1
# of non-peered reviewed papers 1
# of invited presentations 1
# of graduate students supported by a CICS task N/A
# of undergraduate students supported by a 0
CICS task

Performance Metrics Explanation
Thisyear, we improved an operational sow depth product (1). One journal paper (1) and one non-peerre-
viewed conference proceedings paper (1) has been published, as well as one presentation (1).
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Precipitation Research and Applications

Task Leader Yalei You

Task Code EBWY_PRA_15

NOAA Sponsor Mike Kalb

NOAA Office STAR

Contribution to CICS Research Themes: Theme 1(100%); Theme 2 (0%); Theme 3 (0%);
Main CICS Research Topic Data Fusion and Algorithm Development
Contributionto NOAA Goals: Goal 1(100%); Goal 2 (0%); Goal 3 (0%)

Highlight Precipitation retrieval algorithm development and validation
Link to a research web page

Background

The hydrological cycle of the Earth is perhaps one of the most complex global feedback mechanisms that
impact all living forms on the planet. An accurate description of the global precipitation patterns over an
extended period of time is critical to determining any changes in the hydrological cycle. These pattem
changes include the frequency, areal extent and duration of extreme weather events (e.g., flash floods,
drought, extreme events, etc.) as well as long term shifts of the global rainfall distribution. Such changes
have a dramatic impact on the quality of life forall inhabitants on the Earth. Measurements from polar or-
biting satellites, in particular, microwave sensors, offer perhaps the most viable means to develop global
precipitation retrievals.

Accomplishments

12/19/2015 Emissivity evaluation study published Yalei You
ESSICscientist Yudong Tian along with CICS scientist Yalei have a new paper published on J. Geophys. Res.
In this study, three types of approaches (physical modeling, statistical modeling, and a hybrid of physical
and statistical modeling), which are used to estimate the land surface emissivity is evaluated in details.
Every approach is subject to evaluation against retrieved emissivity overa large areain the Southern Great
Plainsfora period of 2 years. Physical modeling, based on two radiative transfer models coupled toa land
surface modeling framework, produced reasonable estimates, with channel- and polarization-dependent
errors. Calibration of these models with historical data substantially improved their performance atlower
frequencies. The statistical method was tested with five different regression models, and each of them
consistently outperformed physical models by about 50%. The best statistical model had an average error
of 0.9-2.1%. These statistical models weresslightly improved when empirical orthogonal function analysis
was incorporated in the emissivity data. The hybrid approach produced errors between the uncalibrated
and calibrated physical model errors

01/11/2016 Snowfall inter-comparison work presented at AMS Yalei You
CICS summerintern Ryan Smith along with CICS scientist Yalei You have presented their snowfallinter-
comparison work at American Meteorological Society (AMS) annual meeting. Inthis work, we compared

the snowfall measurement from gauge, ground radar, spaceborne radarand radiometer overthe Conti-
nental United States (CONUS).
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Figure 1: (fromrightto left) snowfallscatter plots between Ku PR and gauge, GMI and gauge, MRMS and
guage.

02/20/2016 ATMS Precipitation Algorithm Article Accepted Yalei You

CICS Scientist Yalei You along with CoRP Scientist Nai-Yu Wang have anew article accepted by the Journal
of Hydrometeorology on February 15. It describes a prototype precipitation retrieval algorithm overland
that uses a three-year National Mosaic and Multi-Sensor Quantitative Precipitation Estimation (NMQ) and
Advanced Technology Microwave Sounder (ATMS) coincident datasets. One of the unique features of this
algorithmis using ancillary parameters, such as surface type, surface temperature, land elevation andice
layerthickness, to stratify the single databaseinto many smaller but more homogeneous databases, in
which both the surface condition and precipitation vertical structure are similar. Inaddition. Itisshowed
that the representative nature of rainfall over CONUS permitted the application of this algorithm to 60°S-
60°N for rainfall retrieval, evidenced by the progress and retreat of the major rain bands. However, artifi-
cially large snowfall rate is observedin severalregions (e.g., Tibetan Plateau and Siberia), due to frequent
false detection and overestimation caused by much colder brightness temperatures.

Figure 2: (a)-(d) Geospatial distribution of the ATMS retrieved rain rate over the 60-5-60-N in January, April, July
and October of 2014. (e)-(h) Geospatial distribution of the gauge-analysis (GPCC) rain rate over the 60-5-60-N in
January, April July and October of 2014.
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Citation: You, Yalei, Nai-Yu Wang and Ralph Ferraro, 2015: A Prototype Precipitation Retrieval Algorithm
for ATMS, J. Hydrol (in press) (Yalei You, CICS, yyou@umd.edu, 301-405-0068).

Planned work
e Provide 2-yr ATMS retrieval results forevaluation
e Comparethe level-2precipitation product from NASA and JAXA.

Publications
* You, Y, N.-Y. Wang, and R. Ferraro (2016), A prototype precipitation retrieval algorithm for

ATMS. J. Hydrometeor (accepted).
+ Tian, Y., etal.(2015), An examination of methods for estimating land surface microwave e missivity,

J. Geophys. Res. Atmos., 120, 11,114-11,128, doi:10.1002/2015)D023582.

Presentations

Ryan Smith, Yalei You, Nai-Yu Wang and Ralph Ferraro

Comparison of Snowfall Rate from Gauge, Ground Radar, Space Radar, and Space Radiometeroverthe
Contiguous United States

AMS annual meeting
New Orleans, LA
1/10/2016-1/14/2016

Performance Metrics

# of new or improved products developed (pleaseidentify below the table) 1

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers 2

# of non-peeredreviewed papers

# of invited presentations 1
# of graduate students supported by a CICS task 1
# of graduate students formally advised 1

# of undergraduate students mentored during the year
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GCOM-W1 Soil Moisture Product Development and Validation

Task Leader Dr. JichengLiu

Task Code JUL_GCOM_15

NOAA Sponsor Dr. Xiwu Zhan

NOAA Office NOAA/NESDIS/STAR

Contribution to CICS Research Themes (%) Theme 1: 0%; Theme 2: 100%; Theme 3: 0%.
Main CICS Research Topic Data Fusion and Algorithm Development
Contributionto NOAA goals (%) Goal 1: 40%; Goal 2: 25%; Goal 3: 35%

Highlight: We have finished the development of GCOM-W1AMSR2 soil moisture EDR productalgorithm.
The science code of the algorithm has been completed and delivered to GCOM-W1 team at
NOAA/NESDIS/STAR. The code is now operationally running there. Are-run of the production code has
been done overthe whole AMSR2 data period using the most recent version of brightness temperature
inputs. This historical dataset will be used for the validation work using the in-situ measurements. This
product has beeningestedinto SMOPS Version 2.0.

Background

The Global Change Observation Mission-Water (GCOM-W1) satellite, as part of the Joint Polar Satellite Pro-
gram (JPSS), has beeninorbitsinceits launchin May, 2012. The Advanced Microwave Scanning Radiometer
follow on instrument (AMSR2) on GCOM-W1 will provide a majority of global water cycle Environmental
Data Records (EDR). One setof these EDRs are the Land-surface parameters (i.e. land surface soil moisture
and land surface type) while soil moisture EDRis one of these EDRs. The main goal of the soil moisture EDR
taskis to ensure that the tools and capabilities are in place to efficiently generate and validate the Soil Mois-
ture EDR from AMSR2 observations.

The GCOM-W1 AMSR2 Algorithm System Package (GAASP) is designed to produce all Level 2 AMSR2 prod-
ucts at NOAA, and went operational in later 2014 forDay 1 products. AMSR2 Soil Moisture EDR is designed
as one of the Day 2 products that need to take some of the Day 1 product as input. Test mode of day 2
products has been running since the summer of 2015 and will go fully operationally in 2016.

Accomplishments

The Single Channel Retrieval algorithm (SCR) for soil moistureis selected as the primaryalgorithm to retrieve
soil moisture values using microwave observations from AMSR2. This algorithm has been heavily tested and
some of the major parameters have been tuned for better retrieval results. The science code of this algo-
rithm has been completed and delivered to GCOM-W1 team. The output of the final soil moisture EDR code
will be swath soil moisture valuesin both binary and HDF5 format. The integration of the science code into
the GAASP is almost done but more tests will be needed before making this product operational. Figure 1
shows an example of gridded AMSR2 soil moisture product from 2013. The map shows reasonable dynamic
range and spatial distribution. More validation will be need for a better evaluation of this product.

In-situ soil moisture observation data has been collected from all available Soil Climate Analysis Network
(SCAN) stations. Station data from part of Climate Reference Network (CRN) are collected too. These in-situ
data sets will be further processed and used to evaluate the AMSR2 EDR.

38



Volume II: CICS-MD CICS Annual Report 2016

NOAA SMOPS AMSR2 Soil Moisture: Daily — 20130601

Figure 1. Daily gridded AMSR2 soil moisture product.

This product has also successfully ingested into NOAA Soil Moisture Operational Product System (SMOPS)
Version 2.0. It will make major contribution to the blended soil moisture product of SMOPS. This version of
SMOPS is now undertestingat NOAA/STAR/OSPO and willgo operational in the summer of 2016.

Planned work
e  Work with NOAA/NESDIS/STAR for soil moisture EDR operational running.
e Develop monitoringtoolsforthe product quality.
e Continue workingontestingand evaluating the science code.
e Continue workingon collectingand processing in-situ soil moisture data.
e Validation of soil moisture EDR.

Products

e  GAASP soil moisture EDR operational code.

e Documents related GAASP SM EDR code.

e Collection of processors for in-situ soil moisture observations.

e Validation code for the SM EDR product using field measurements.
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Presentations
e Comparison of different methods to Merge Satellite Soil Moisture Products from Different Sensors”,
Jicheng Liu et al., 2015 CICS-MD Science Meeting, November, 2015.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

Ol |0o|C(OC| R | K

PERFORMANCE METRICS EXPLANATION

The new GAASP SM EDR code has been delivered to NOAA/NESDIS/STAR. It’s now undertest running op-
erationally. Newly generated Cumulative Distribution Functions (CDF) used inthe algorithm willincrease
the spatial coverage and data quality.
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2 Calibration and Validation

Scientific Exchange Between DLR/Berlin and NESDIS/STAR Fire Scientists Using the German
FireBird Small Satellite Constellation in Support of GOES-R/ABI and Suomi NPP/VIIRS Fire
Product Validation

Task Leader Wilfrid Schroeder

Task Code WSWS_DLR_14

NOAA Sponsor Jaime Daniels

NOAA Office NESDIS/STAR

Contribution to CICS Research Themes (%) Theme 1: 70%; Theme 2: 30%; Theme 3: 0%
Main CICS Research Topic Calibration and Validation

Contributionto NOAA goals (%) Goal 1: 50%; Goal 2: 50%; Goal 3: 0%

Highlight: Through this collaborative work, the satellite retrieval of gas flares can be improved. This work
is necessary for next generation NESDIS satellite architecture, pointingtothe need fora constellation of
“smallsats” to get the same VIIRS coverage inthe future.

Mr. Gernot Rucker (ZEBRIS Consulting/Germany) visited the Department of Geographical Sciences atthe
University of Maryland (GEOG/UMD) during 27 May — 05 June 2015 to collaborate with Dr. Wilfrid
Schroeder (GEOG/UMD) and Dr. lvan Csiszar (NESDIS/STAR). In preparation for Mr. Rucker’s visit, targeted
acquisitions were planned and successfully implemented forthe German Aerospace Center (DLR) Technol-
ogy Experiment Carrier (TET-1) satellite over select areas containing active gasflares, including North Da-
kota/US, Kuwaitand Russia. Fire detection and characterization dataderived from TET-1were analyzed
and used to verify near-coincident Suomi NPP VIIRS data (Figure 1).

Preliminary results showed good agreement between TET-1and VIIRS fire radiative power retrievals char-
acterizing gas flare intensity. Data processing findings and recommendations were submitted to the TET-1
science team at DLR/Berlinin orderfurther promote the use of those datain support of Suomi NPP VIIRS
and future GOES-R ABI fire product assessment. The NOAA GOES-R Risk Reduction and JPSS Proving
Ground and Risk Reduction Visiting Scientist program sponsored this scientificexchange.
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Figure 1: Sampling of gas flares (bright pixels) in Kuwait using DLR’s TET-1 160 m (top left) and Suomi NPP VIIRS 375m
(top right) mid-infrared data. The lower panel shows a comparison between fire radiative power (FRP) retrievals de-
rived from near-coincident TET-1 and Suomi NPP VIIRS data for numerous gas flares in the Middle East.
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Scientific Support for Joint Polar Satellite System (JPSS) CrIS, VIIRS and OMPS Calibration

Task Leader: Yong Chen

Task Code: YCYC_CRIS_15 & YCYC_JPSS_15 (Part1 of 4)

NOAA Sponsor: Fuzhong Weng

NOAA Office: NESDIS/STAR

Contribution to CICS Research Themes (%):60% Theme 1 and 40% Theme 2

Main CICS Research Topic:. Calibration and Validation

Contributionto NOAA goals (%): Goal 1: 30%; Goal 2: 70%

Highlight: CICS Scientist Yong Chen continue work toimprove the calibration algorithms, including optimi-
zation of the calibration equation, implement ringing artifact reduction algorithm updatesinto FSR-ADL
software, furtherassess the spectral and radiometricaccuracies of the SDR product from the FSR pro-
cessing system, and analyze JPSS-1pre-launch test dataand derive parameters for CrlS spectral and radio-
metriccalibration.

Background

This report summarizes the second year work of the ongoing NOAA project entitled “Scientific Support for
Joint Polar Satellite System (JPSS) CrlIS, VIIRS and OMPS Calibration”. In this report, we only focus on the
Cross-track infrared Sounder (CrIS) related calibration and validate activities. CrlSon S-NPP is a Fourier trans-
form spectrometer. It providesa total of 1305 channelsin the normal mode for sounding the atmosphere.
CrlIS can also be operatedinthe full spectral resolution (FSR) mode with spectral resolutionof 0.625 cm™ for
all three bands (total 2211 channels). NOAA operated CrlSin FSR mode from normal mode on December4,
2014 for S-NPP, and will operate CrIS in FSR mode for the Joint Polar Satellite System (JPSS). Based on CrlS
Algorithm Development Library (ADL), CrIS full resolution Processing System (CRPS) has been developed to
generate the FSR Sensor Data Record (SDR). This code can also be run for normal mode and truncation mode
SDRs. Since CrlISis a Fourier transform spectrometer, the CrISSDR need to be radiometrically and spectrally
calibrated. The current calibration approach does the radiometric calibration first, and then applies the cor-
rection matrix operator (CMO) to the spectral calibration. The ringing artifacts are observedin CrlS normal
mode SDR un-apodized spectra for this operational calibration approach. The ringing artifacts are also de-
pending on Optical Path Delay (OPD) sweep direction. In order to study and understand the ringing effect
and to support to select the best calibration algorithm for JPSS-1, different calibration approaches are im-
plementedinthe ADL code. Great efforts had been taken to evaluate different calibration approaches and
to understand the causes of the ringing artifacts. Major sources of these ringing artifacts are due to non-
circularonboard Finite Impulse Response (FIR) digital filter, suboptimal calibration equation, and missing the
instrument responsivity function for simulating CrIS spectra using radiative transfer models. Below are the
accomplishments of this year, followed by future plans.

Accomplishments

4-15-15 Evaluation of CrIS SDR Algorithms Using FSR CrIS Data and LBLRTM Yong Chen

Four different calibration algorithms are implemented into ADL software and evaluated by compared to
LBLRTM simulations. Results show that Algorithms 3 and 4 (first apply spectral calibration and then radio-
metriccalibration) are the best choice in term of absolute bias, sweep direction difference (ringing artifact)
reduction, and FOV-2-FOV consistence.
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Figure 1. Mean brightness temperature difference between different algorithms and LBLRTM simulations.
Algorithm 4(A4) shows the smallestringing artifactatboth band 1 edges.

7-28-15 Poster Presentation and Proceeding paper at 2015 IGARSS Conference Yong Chen
CICS-MD Scientist Yong Chen presented a postertitled “Evaluation of different calibration approaches for
S-NPP CriIS full spectral resolution SDR processing” at 2015 IGARSS Conference. Inthis study, fourdifferent
calibration approaches are implemented in the FSR ADLcode to study and understand the ringing artifacts
and to supportto selectthe best calibration algorithm for CrlS on JPSS-1. The full proceeding paper can be
cited: Yong Chen, and Yong Han, Evaluation of different calibration approaches for S-NPP CrIS full spectral
resolution SDR processing, IEEE Geoscience and Remote Sensing Symposium, Milan, Italy, 2015, 2127-
2130, doi:10.1109/IGARSS.2015.7326223

44



Volume II: CICS-MD CICS Annual Report 2016

8-5-15 Lunar Intrusion Issuesin CrlS SDR Processing Yong Chen

There are two lunar Intrusion detectionissuesin CrlS SDR processing. One is theaveraged uncalibrated deep
space spectrum and the otheris the threshold. When the first DS spectrum is contaminated by the moon,
the new normal DS views will be rejected and the Earth views will be invaliddue to the valid DS window size
is lessthan 15. This could happen more frequently for parallel run than serial run. The detection threshold
10% is not a reasonable value, which will allow contaminated DS spectra into the valid sliding window and
cause large radiometric error for Earth radiance. We make improvement for both issues. The purposed
changesto get the DS referenceSpectraand thresholds (0.3% for LW, 0.4% for MW, and 0.6% for SW) need
more tests.

8-28-15 SCSB/CICS-MD Presenters at the JPSS Science Meeting Yong Chen
The STAR JPSS 2015 Annual Science Team Meeting was held this week, August 24-28 August 2015 at
NCWCP in College Park, MD. Yong Chen gave a talk on “J1 CrlS SDR Algorithm and Software.”

9-4-15 New Algorithm More Accurately Characterizes Instrument “Noise” Yong Chen

CICS-MD Scientist Yong Chen has published an article inthe September 10th issue of Applied Optics outlin-
inga new solution torepresenting the amount of random noise in satellite interferometer data. The Cross-
track Infrared Sounder (CrlS) on the Suomi National Polar-orbiting Partnership Satellite (S-NPP) isa Fourier
transform spectrometerand provides the sensordata record (SDR) that can be used to retrieve atmos-
pherictemperature and watervapor profiles and can also be directly assimilated in numerical weather pre-
diction models. The noise equivalent differential radiance (NEdN) is part of CrIS SDR products and repre-
sentsthe amount of random noise inthe interferometerdata. Itis a crucial parameterthat affects the ac-
curacy of retrieval and satellite radiance assimilation. In this study, they used the international system of
units (Sl) traceable method Allan deviation to estimate the CrIS NEdN because the internal calibration tar-
get (ICT) radiance was slowly varying with time. Compared to the current standard deviation method, this
study shows that the NEdN calculated from Allan deviationis converged to a stable value whenanumber
of samplesorthe average window size isset to 510. Thus, Allan deviation can resultin CrlS NEdN Sl tracea-
ble noise. An optimal averaging windowsize is 30 if the NEdN is calculated from the standard deviation.
Citation: Chen, Yong, Fuzhong Weng, and Yong Han: Sl traceable algorithm for characterizing hyperspectral
infrared sounder CrlSnoise, Appl. Opt. 54, 7889-7894, doi: 10.1364/A0.54.007889. Importance: Thisisthe
firstapplication of the Allan deivation algorithm to NOAA infrared sensor CriISand it has been shown to
provide highly accurate characterizations of instrument noise. POC:Yong Chen

11-6-15 Yong Chen Wins Best Paper Award Yong Chen

Dr. Yong Chen—a CICS Research Scientist supporting activities at SMCD— was rewarded the best proceeding
paperaward for his papertitled as "CrlS Full Resolution Processing and Validation System for JPSS" au-
thored by Yong Chen, Yong Han, Denis Tremblay, Likun Wang, XinJin, and Fuzhong Weng during the 20th
International TOVS Study Conferences, which was held at Lake Geneva, Wisconsin from 28 Octoberto 3
November2015. The International TOVS Study Conferences (ITSCs), which have met every 18-24 months
since 1983, is a forum for operational and research users of TIROS Operational Vertical Sounder (TOVS)
data fromthe NOAA series of polarorbiting satellites and otheratmosphericsounding data. The purpose
of the conference isto exchange information on methods for extracting information from these dataon
atmospherictemperature and moisture fields and on the impact of these datain numerical weather pre-
dictionandin climate studies. Dr. Chen's paperis focused on the Cross-track Infrared Sounder (CrIS)—akey
instrumentonboard on Suomi NPP and future JPSS satellites that provides atmospheric soundinginfor-
mation for numerical weather prediction models. Dr. Chen has made significant contribution to develop
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the NOAA's first-ever full spectral resolution CrlS data processing system. The high-quality shownin his pa-
per, and, perhaps mostimportantly, the innovativeness and accomplishments from his paper fully con-
vinced the conference committee how important his workisto promote the use of NOAA data. Im-
portance: International recognition for NOAA scientists continues to supporta mission goal of a world class
workforce. POC:Y.Chen & L. Wang

1-13-16 Poster Presentation on CrlS Spectral Accuracy at AMS Yong Chen

CICS-MD Scientist Yong Chen presented a poster titled “On Hyper-spectral Infrared Sensor CrlS spectral ac-
curacy” at the AMS Annual Meeting heldin New Orleans. His talk focused on using Line-by-Line Radiative
Transfer Model (LBLRTM) and European Centre for Medium-Range Weather Forecasts (ECMWF) forecast
fields to systematically evaluate the spectral accuracy of CrlS full resolution SDR, processed at NOAA/STAR
since December 2014, at different spectral ranges forall three bands. Based onthese results, the best spec-
tral ranges can be chosen to evaluate the spectral accuracy and stabilityfor CrIS, IASI and future FTS infrared
instruments. Long-term CrlS spectralaccuracy and spectral stabilityfrom the operational SDRs will be further
studied based on the selected best spectral ranges.

Planned work

e Implementall theupdates, includingoptimization of the calibration equation, new fringe count error
(FCE) module, new lunar intrusion detection module, to the ADL block 2 version 5.3.1 which is the
official release of JPSS-1 baseline code.

e Transit algorithm to operations for JPSS-1.

e Furtherassessthe spectral and radiometricaccuracies of the SDR product from the FSR processing
system
Prepare and work on reprocessing the CrlS life-cycle SDR data

e Analyze JPSS-1pre-launch test dataand derive parameters for CrlS spectral and radiometric calibra-
tion

Publications

Peer-Reviewed

Yong Han, Lewence Suwinski, David Tobin, and Yong Chen, Effect of self-apodization correction on Cross-
track Infrared Sounder radiance noise, Appl. Opt., 54, 10114-10122. doi: 10.1364/A0.54.010114
(2015).

Yong Chen, Fuzhong Weng, and Yong Han, Sl traceable algorithm for characterizing hyperspectral infrared
sounderCriSnoise, Appl. Opt., 54, 7889-7894. doi:10.1364/A0.54.007889 (2015).

Likun Wang, Yong Han, XinJin, Yong Chen, and Denis Tremblay, Radiometric consistency assessment of hy-
perspectral infrared sounders, Atmos. Meas. Tech., 8, 4831-4844, doi:10.5194/amt-8-4831-2015
(2015).

Non-peer reviewed

Yong Chen, and Yong Han, Evaluation of different calibration approaches for S-NPP CrIS full spectral resolu-
tion SDR processing, IEEE Geoscience and Remote Sensing Symposium, Milan, Italy, 2015, 2127-
2130, doi:10.1109/1GARSS.2015.7326223

Products
e CrIS FSR-ADLSDR processing system forS-NPP and baselineforJPSS1; and
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e FSRSDR productsto the usercommunity since 12/4/2014.

Presentations

Yong Chen, Yong Han and Fuzhong Weng, On Hyper-spectral Infrared Sensor CrlS Spectral Accuracy, the 96th
American Meteorological Society Annual Meeting, 10-14 January, 2016, New Orleans, Louisiana,
poster 728, 2016.

Likun Wang, Bin Zhang, Yong Han, XinJin, Yong Chen, and Denis Tremblay, Geolocation Assessment Tool
and Correction Model for JPSS CrlIS, the 96th American Meteorological Society Annual Meeting, 10-
14 January, 2016, New Orleans, Louisiana, poster 730, 2016.

Denis Tremblay, Yong Han, Likun Wang, Yong Chen, Xin Jin, and Xiaozhen Xiong, JPSS-1CrIS Measurement
Noise Covariance Characterization at Full Spectral Resolution, the 96th American Meteorological
Society Annual Meeting, 10-14 January, 2016, New Orleans, Louisiana, poster 346, 2016.

Xiaozhen Xiong, Yong Han, Yong Chen, Likun Wang, Denis Tremblay, Xin Jin, and Lihang Zhou, Near-Real
Time Processing of S-NPP CrlS Full Spectral Resolution SDR Dataat NOAA/STAR, the 96th American
Meteorological Society Annual Meeting, 10-14 January, 2016, New Orleans, Louisiana, poster 350,
2016.

Xiaozhen Xiong, Jeff Peischl, Thomas B Ryerson, Motoki Sasakawa, Yong Han, Yong Chen, Likun Wang,
Denis Tremblay, Xin Jin, Lihang Zhou, Quanhua Liu, Fuzhong Weng and Toshinobu Machida, Full
Spectral Resolution Data Generation fromthe Cross-track Infrared Sounderon S-NPP at NOAA and
its Use to Investigate Uncertainty in Methane Absorption Band Near 7.66 um, 2015 AGU Fall Meet-
ing, San Francisco, California, 2015 Dec

Denis Tremblay, Yong Chen, Yong Han, Likun Wang, Xin Jin, Xiaozhen Xiong, and Lihang Zhou, Correlated
and uncorrelated noise of the JPSS-1Crosstrack Infrared Sensor (CrIS), the 20th International TOVS
Study Conference (ITSC-20), Lake Geneva, Wisconsin, 2015 Nov

Yong Chen, and Yong Han, Evaluation of different calibration approaches for JPSS CrlS, 2015 CICS Science
Meeting, College Park, Maryland, 2015 Nov http://cicsmd.umd.edu/assets/1/7/2-4 Yong_Chen.pdf

Yong Chen, Fuzhong Weng, and Yong Han, Sl Traceable Algorithm for Characterizing Hyperspectral Infrared
Sounder CrIS Noise, 2015 CICS Science Meeting, College Park, Maryland, 2015 Nov
http://cicsmd.umd.edu/assets/1/7/2_Yong_Chen.pdf

Yong Chen, and Yong Han, Evaluation of Different Calibration Approaches forJPSS CrlS, the 20th Interna-
tional TOVS Study Conference (ITSC-20), Lake Geneva, Wisconsin, 2015 Oct
https://cimss.ssec.wisc.edu/itwg/itsc/itsc20/program/PDFs/280ct/session1d/1p_11 chen.pdf

Yong Chen, Fuzhong Weng, and Yong Han, Sl Traceable Algorithm for Characterizing Hyperspectral Infrared
SounderCrIS Noise, the 20th International TOVS Study Conference (ITSC-20), Lake Geneva, Wiscon-
sin, 2015 Oct https://cimss.ssec.wisc.edu/itwg/itsc/itsc20/program/PDFs/280ct/ses-
sionld/1p_12_chen.pdf

Xiaozhen Xiong, Yong Han, Yong Chen, Likun Wang, Denis Tremblay, Xin Jin, and Lihong Zhou, Update on S -
NPP CrlS full spectral resolution SDR processing at NOAA/STAR, the 20th International TOVS Study
Conference (ITSC-20), Lake Geneva, Wisconsin, 2015 Oct

XinlJin, Ninghai Sun, Yong Han, Fuzhong Weng, Yong Chen, Likun Wang, and Denis Tremblay, A comprehen-
sive review of SNPP CrlIS instrument performance and data quality, the 20th International TOVS
Study Conference (ITSC-20), Lake Geneva, Wisconsin, 2015 Oct

Yong Han, and Yong Chen, J1 CrlS SDR Algorithm and Software, 2015 STAR JPSS Annual Science Team
Meeting, College Park, Maryland, 2015 Aug http://www.orbit.nesdis.noaa.gov/star/docu-
ments/meetings/2015JPSSAnnual/dayThree/06_Session6c_Han_J1-CrlS-SDR-Algorithm-Soft-
ware.pdf
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Fuzhong Weng, Mitch Goldberg, Xiaolei Zou, Yong Chen, Lin Lin, Banglin Zhang, and Vijay Tallapragada, Im-
prove assimilation of CrIS radiances in HWRF for better hurricane and typhoon forecasts, IEEE Geo-
science and Remote Sensing Symposium, Milan, Italy, 2015 Jul

Xiaozhen Xiong, Yong Han, Yong Chen, Lihang Zhou, and Fuzhong Weng, Investigation of the uncertaintyin
methane absorption band using full spectrum data of CrlS on S-NPP and radiative transfer models,
IEEE Geoscience and Remote Sensing Symposium, Milan, Italy, 2015 Jul

Yong Chen, and Yong Han, Evaluation of different calibration approaches forS-NPP CrIS full spectral resolu-
tion SDR processing, IEEE Geoscience and Remote Sensing Symposium, Milan, Italy, 2015 Jul

Other

November 2015, best proceedings paper award from International TOVS Study Conference (ITSC) for CrlS
full resolution processing and validation system for JPSS

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

O O| 0| ORI W|R| R

# of undergraduate students mentored during the year
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The Ozone Mapping and Profiler Suite (OMPS) Sensor Data Record (SDR) Calibration and Valida-
tion

Task Leader: Yong Chen (Chunhui Pan’s Report)
Task Code: YCYC_JPSS_14 (Part 2 of 4)

NOAA Sponsor: Fuzhong Weng

NOAA Office: NESDIS/STAR

Contribution to CICS Research Themes (%): 60% Theme 1 and 40% Theme 2

Main CICS Research Topic: Calibration and Validation

Contributionto NOAA goals (%) Goal 1: 70%; Goal 2: 20%; Goal 5: 10%

Highlight: | have developed new comprehensive dataanalysis algorithms and models to evaluate and char-
acterize sensororbital stray light contamination, wavelength calibration and optical system stability. Num-

bers of milestone deliveries have been made to STAR, including sensor performance as-sessment, software
tools, and weekly delivery of dark calibration tables. Four journal papers have been published in 2014.

Link to a research web page http://cicsmd.umd.edu/performance-evaluation-of-omps/?pg=5

Background

The Ozone Mapping Profiler Suite (OMPS) is one in aseries of ozone monitoring sensors flown by NOAA and
NASA. It continues more than 30 years of global ozone monitoring by providing data products of ozone in
the Earth’s atmosphere. The OMPS Nadir system comprises two instruments: a Nadir Mapper (NM) and a
Nadir Profiler (NP). My primary responsibilityis to perform sensors’ calval. using ground test and orbital data.
This report summarizes the year-3 work of the ongoing NOAA project entitled “The Ozone Mapping and
Profiler Suite (OMPS) Sensor Data Record (SDR) Calibration”. New comprehensive sensor performance anal-
ysistools have been developed and used forsensor performance evaluation and calibration, including elec-
tronic, spectral, wavelength and radiometric calibration and validation. Much of the efforts also made to
support sensor operation, such as transitionof calibration SDR tools and delivery of calibration tables. Below
are the accomplishments during the fourth year of the project, followed by future plans for fourth year.

Accomplishments

2-20-15 New Stray Light Algorithm ChunhuiPan

CICS-MD Scientist Chunhui Pan, working on the Ozone Mapping and Profiler Suite (OMPS), developed a
new algorithm last week foraNadir Profiler (NP) Stray Light Calibration Table. This new algorithm extends
spectral channels from 147 to 157 and includes extension of the NP wavelength coverage and radiometric
coefficients. Thisnew table is for Field of View (FOV) resolution of 50 km x 50 km data.

3-6-15 OMPS Corrections and Calibrations ChunhuiPan

CICS-MD Scientist Chunhui Pan hasimproved the Raw Data Records (RDRs) and Sensor Data Records (SDRs)
for the Nadir Profiler (NP) of the Ozone Mapping and Profiler Suite (OMPS). She developed a mathematical
model to compute orbital NP stray light contamination and evaluate astray light table by computing cor-
rection residuals with the real RDRs. She is now working on significant discrepancies inthe 300-310 nm
band betweenthe NP and Nadir Mapper (NM). Both the radiance and irradiance coefficients need to be re -
calibrated.
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3-13-15 TOMRAD Model for OMPS Verification Chunhui Pan

CICS-MD Scientist Chunhui Panis currently using the radiative transfer forward model TOMRAD (TOMS RA-
Diative transfer model)to verify Ozone Mapping and Profiler Suite (OMPS) radiance retrieval. TOMRAD s
usedin creatinglook-up tablesand conducting sensitivity tests. It is based on successive iteration of the
auxiliary equationinthe theory of radiative transfer, an elegant solution that accounts for all orders of
scattering, aswell as the effects of polarization. Though the solutionis limited to Rayleigh scatteringand
can only handle reflection by Lambertian surfaces, the original TOMRAD code, writtenin 1964, is still one
of the fastest radiative transfer codes thatis currently available to solve such problems.

4-3-15 Albedo Calibration Problem Corrected Chunhui Pan

Prelaunch datafor OMPS Nadir Profiler (NP) showed significant discrepancies in the overlap spectral region
(red). CICS Scientist Chunhui Pan collaborated with NASA on this problem. They found that the radiance
and irradiance calibration coefficients are not consistentin the spectral overlap region. Modifications have
been forthese two sets of the calibration coefficients by accounting forthe dichroicwavelength shiftand
straylight contamination. Pan worked on the straylight correction.

The figure above isa comparison of irradiance calibration before and after the modification of calibration
coefficients—aratio of the prelaunch divided by the modified data. The irradiance was derived from seven
diffuser positions and stitched to form a Field of Vision (FOV) of 110 deg. Red is the result without stray-
light correction and the black is the result with the straylight correction.
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5-8-15 OMPS Wavelength-Dependent Degradation Study ChunhuiPan

CICS-MD Scientist Chunhui Panis studying the most recentinstrument optical degradation and solar diffus-
ersdegradation forboth Nadir Profilerand Nadir Mapper of the Ozone Mapping and Profiler Suite (OMPS).
The study have collected all the available solar measurement data, assessed optical degradations for all
channelsinsensors Nadir Profilerand Nadir Mapper; computed solar diffuser degradation for each wave-
length channel from 250-380 nm caused by exposure time. Datafrom NM sensor comes from seven differ-
entsolar diffuser positions.

Based on this study, results have delivered to STARin fourindependent files that contain wavelength de-
pendentdegradation for diffusers and optical systems, as well as time dependent solar flux (seefigures
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above). Asa result, OMPS sensor optics degradationisless than 0.5% and on average of <0.2% - a high
level stability.

5-15-15 Band-Pass Calibration for OMPS ChunhuiPan

Thisweek, CICS-MD Scientist Chunhui Pan worked on the Nadir Profiler (NP) band-pass (BPS) on the Ozone
Mappingand Profiler Suite (OMPS). She verified SNPP prelaunch BPS and band center (CBC) from Ball Aero-
space & Technologies Corp. The calibrated CBC matches spectral function at the highestenergy levelifa -
0.1 nm shiftisapplied. Otherwise, the areaweighted CBCis used.

Red: Newly calculate areaweighted CBC
Black: Prelaunch CBC with (right) and without (left) shift.

The figure above compares the band centerand band pass spectral response function. The on -orbital cali-
bration suggeststhe appropriate band centershould be atthe peak response location. She also computed
and delivered anew NP band-passtothe STAREDR team.

8-28-15 SCSB/CICS-MD Presenters at the JPSS Science Meeting ChunhuiPan

The STAR JPSS 2015 Annual Science Team Meeting was held this week, August 24-28 August 2015 at
NCWCP in College Park, MD. CICS-MD Scientist Chunhui Pan chaired the session on the Ozone Mapping and
Profiler Suite (OMPS). She started the session with “An Overview of OMPS.”

1-15-16 Pan Presents on OMPS Improvements at AMS ChunhuiPan

CICS-MD Scientist Chunhui Pan (NESDIS/OSGS) gave a presentation on the OMPS NadirSensors at the AMS
Annual Meeting held thisweekin New Orleans. Her talk focused on recentimprovements from version 8 of
the Environmental Data Record (EDR) algorithm, which include reductions in normalized radiance error,
improved radiance consistency, and corrected for seasonal wavelength variation. The figures above from
the presentation shows the reduced cross-track errorsinthe sulfurdioxide (SO,) indexfrom the OMPS Na-
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dir Mapper, whichresulted fromthe revised algorithm (EDR V8, bottom) that corrected for the exagger-
ated impact of wavelength variation (top). Pan, C., F. Weng, T. Beckand S. Ding, 2015: RecentImprove-
ments to S-NPP Ozone Mapping Profiler Suite Nadir Sensor Data Record, AMS Annual Meeting, New Orle-
ans, LA (Jan. 10-14). Importance: Algorithm improvements increase the accuracy and reliability of NOAA's
satellite-based products. POC: C. Pan.

Planned work

e Continue work on calibration and monitoring of SNPP-OMPS sensor orbital performance.

e Support Calibration SDR transition from NASA to GRAVITE.

e Conducted end-to-end dataanalysis forJ1 OMPS prelaunch calibration dataand derive and deliver cali-

brationtablesand Look-up-Tables.

e Conductend-to-end system testforJ1OMPS ground system with the newly established algorithm as well
as the corresponding calibration tables and operational tables.

Publications

Peer-Reviewed

Pan, Chunhui, and Larry Flynn

2015

Solarobservation of Ozone Mapping and Profiler Suite nadir system duringthe first three years of on-orbit
operation

J. Appl. Remote Sens. 9(1), 094095

http://dx.doi.org/10.1117/1.JRS.9.094095

Presentations

Pan, Chunhui

An Overviewof OMPS (invited)

STAR JPSS Annual Science Team Meeting
College Park, MD

8/24/2015 to 8/28/2015

Pan, Chunhui

Evaluation of Different Calibration Approaches for JPSS CrlS
CICS-MD Science Meeting

College Park, MD

11/23/2015 to 11/24/2015

Pan,C., F. Weng, T. Beckand S. Ding

RecentImprovementsto S-NPP Ozone Mapping Profiler Suite Nadir Sensor Data Record
AMS Annual Meeting

New Orleans, LA

1/10/2016 to 1/14/2016

Pan, Chunhui, F. Weng, T. Beck, L. Flynn, A.C. Tolea, D. Liang, and D. Liang
RecentImprovementsto S-NPP OMPS SDR

AMS Annual Meeting

New Orleans, LA

1/10/2016 to 1/14/2016

53


http://dx.doi.org/10.1117/1.JRS.9.094095

Volume II: CICS-MD CICS Annual Report 2016

Tolea, Alin Catalin, C. Pan, T. Beck, and L. Flynn

Wavelength Registration Correction forthe S-NPP OMPS Nadir Instruments
AMS Annual Meeting

New Orleans, LA

1/10/2016 to 1/14/2016

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year

OO O|R|R[R[IN[N

# of professional data analysts formally advised
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Scientific Support for Joint Polar Satellite System JPSS CrlIS and VIIRS Calibration

Task Leader Yong Chen (Likun Wang’s Report)

Task Code YCYC_JPSS_14 (Part3 of 4)

NOAA Sponsor Lihang Zhou

NOAA Office NOAA/NESDIS/STAR/SMCD

Contribution to CICS Themes (%) Theme 1: 70%; Theme 2: 30%; Theme 3: 0%
Main CICS Research Topic Calibration and Validation

Contribution to NOAA goals (%) Goal 1: 0%; Goal 2: 50%; Goal 3: 50%;

Highlight: CICS scientists evaluate radiometric, spectral, and geometric calibration accuracy of Cross-track
Infrared Sounder (CrlS) Sensor Data Records (SDR) on Suomi NPP satellite, improvethe data quality, and
support operational use of numerical weather predication (NWP) data assimilation and Environmental data
record (EDR) Team.

Link to a research web page:

Background

This work s part of the project “ScientificSupportforlJoint Polar Satellite System (JPSS) CrlIS, VIIRS and OMPS
Calibration” butemphasizes more on Suomi NPP/JPSS Cross-track Infrared Sounder (CrIS) Sensor Data Rec-
ords (SDR). The goal of this project is to focus on NOAA operational calibration support for CrIS and devel-
opmentof innovative techniques toimprove the calibration of JPSS instruments foradvanced applications.
The CrlS SDR calibration and validation (Cal/Val) process includes both prelaunch and postlaunch activities.
Radiometrically, spectrally, and geolocated calibrated radiances with annotated quality indicators from CrlS
SDR are used not only to provide improved atmospherictemperature and humidity profiles information, but
are also used extensively by the scientificcommunity for global measurements of trace gases, land surface
properties, cloud properties, and medium-term climate trending. The CICS scientist — Likun Wang — uses
inter-sensor calibration techniques to evaluating spectral, radiometric, and geolocationcalibration accuracy
of CrISSDR, toimprove and ensure the data quality of CrISSDR, and to support operationaluse of NWP data
assimilation and EDR team.

Accomplishments

A state-of-the-art high-spatial-resolutionimagerand a high-spectral-resolution infrared sounder, the Visi-
ble Infrared Imaging Radiometer Suite (VIIRS) and Cross-track Infrared Sounder (CrIS), respectively, are
both onboard current Suomi National Polar-orbiting Partnership (SNPP) and future Joint Polar Satellite Sys-
tem (JPSS) satellites. Specifically, VIIRS is a whiskbroom scanning imaging radiometer, collecting visibleand
infrared imagery of the Earth through 22 spectral bands between 0.412 um and 12.01 um; VIIRS also has
various (21) operational environmental products including cloud, surface, aerosols, and vegetation param-
eters. In contrast to VIIRS, the sounderinstrument —CrlS provides information on the vertical profiles of
temperature, watervapor, and critical trace gases of the atmosphere, albeit with coarse spatial resolution
(14.0 km at nadir). The combination of high spatial resolution measurements from animagerand high
spectral resolution measurements from aninfrared (IR) sounder can take advantage of both spectral and
spatial capabilities; henceit can furtheradvance atmosphericand surface geophysical parameterretrievals
and extend data utilization for numerical weather prediction models.
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The first achievement of this year is to develop an accurate and fast collocation method to collocate VIIRS
measurements within CrlS instantaneous field of view (IFOV) directly based on line-of-sight (LOS) pointing
vectors is developed. This method is not only accurate and precise in mathematic essence and but also is
straightforward to implement in any programming language (such as IDL, Python, and C++). More im-
portantly, with optimization, this method is very fast and efficient and thus can meet operational require-
ments. Finally, this collocation method can be extended to a wide variety of sensors on dif ferent satellite
platforms. Shown in Figure 1is an example of collocating CrIS with VIIRS 15 band pixels.

Figure 1 Example of collocating VIIRS with CrlS, including (a) projected CrlS FOV footprints (top), (b) CrlS FOV images
(middle), and (c) enlarged CriS FOVs at nadir (left, bottom), and (d) the enlarged plot for the center FOV (FOV 5) (right,

bottom), where the colorful points indicate VIIRS pixels falling within the CrlS FOV and the black ones represent those
outside CriS FOVs.

As the second achievement, spatially collocated measurements from VIIRS is used to evaluate the geoloca-
tion performance of the CrlS with coarse spatial resolution by taking advantage of high spatial resolution
(375m at nadir) and accurate geolocation of VIIRS. More importantly, based on the evaluation results, CrlS
geometric parameters can be furtheradjusted to make CrlS perfectly align with VIIRS. Based on thisimple-
mentation, several applications have been carried out to demonstrate the benefits of combination of VIIRS
with CrIS. For example, combining VIIRS and CrlS can characterize CrlS scene features by taking advantage
of various VIIRS products, which potentially extends CrlS data utilization for numerical weather prediction
data assimilation. In particular, collocated VIIRS cloud products (e.g, cloud mask and cloud top) within CrlS
can provide independent cloud information when assimilating CrlSinto numerical weather prediction mod-
els. We also compare the imager-collocated cloud-detection scheme with the widely-used observation mi-
nus background (O-B) method. Finally, we also study the benefits of how CrIS footprint size effects on clear
sky observation for future CrIS sensors.

Planned Work

* Develop a system to long-term monitoring CrIS SDR stability through inter-sensor calibration.
* Process pre-launch test data for JPSS-1/CrlS satellite.
* Draft a paperon CrlS geolocation assessment and spatial resolution on clear sky detection
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Publications

1. Wang,L,D. A.Tremblay, B.Zhang, and Y. Han, 2016: Fast and Accurate Collocation of the Visible Infrared
Imaging Radiometer Suite Measurements and Cross-track InfraredSounder Measurements. Remote
Sensing, 8, 76; doi:10.3390/rs8010076.

2. Wang,L., Y. Han, X. Jin, Y. Chen, and D. A. Tremblay, 2015: Radiometric consistency assessment of
hyperspectral infrared sounders, Atmos. Meas. Tech., 8, 4831-4844, doi:10.5194/amt-8-4831-2015.

3. WanglL, Y.Han, Y. Chen, X.Jin, X. Xiaong, and D. Tremblay, 2015: Inter-comparison of CrIS full resolution
radiances with IASI. GSICS GSICS Quarterly, Vol. 8, No.4, doi: 10.7289/V5KW5CZB.

Products

e JPSS-1CrIS geolocation Cal/Val plan;

e Collocation Software of combining VIIRS radiances and products into CrIS footprint;
e All-scan, angle-based geolocation evaluation tool for CrlS.

Presentations

1. Wang,L,, B. Zhang, D. Tremblay, and Y. Han, 2016: Fast and accurate collocation of CrISand VIIRS. 2016
GSICS Annual Meeting, Tsukuba Japan, February 29-March 4, 2016.

2. Wang, L., andT. Hewison, 2016: Hyperspectral infraredsounder traceability and uncertainty. 2016 GSICS
Annual Meeting, Tsukuba Japan, February 29-March 4, 2016.

3. Wang, L, B. Zhang, Y. Han, X. Jin, Y. Chen, and D. Tremblay, 2016: Geolocation Assessment Tool and
Correction Model for JPSS CrlS. 96th AMS Annual Meeting, New Orleans, LA, USA, January 10-14
2016.

4, Wang L., Y. Han, H. Huang, and M. Goldberg, 2015: Scientific Benefits of Spatial Resolution for Next
Generation Infrared Hyperspectral Sounder Instruments. 2015 Annual CICS-MD Science Meeting,
College Park, MD, November 23-34 2015.

5. Wang, L., B. Zhang, D. Tremblay, Y. Han, 2015: Accurate Collocation of VIIRS measurements with CrlS.
The 20th International TOVS Study Conference (ITSC-20), Lake Geneva, Wisconsin, USA, October 27-
November 3 2015.

6. WangL., YongHan; Yong Chen; XinJin; Denis A. Tremblay, 2015: Soumi NPP CrIS Radiometric Calibration
Stability Assessment: A Perspective from Two Years’ Inter Comparison with AIRS and IASI. 2015
EUMETSAT Metrological Satellite Conference. Toulouse, France, September 21-25 2015.

7. Wang, L., B. Zhang, D. Tremblay, Y. Han M. Esplin, J. Predina, L. Suwinski, Y. Chen, and X. Jin, 2015:
Geolocation Assessment Tool and Correction Model for JPSS CrlS. 2015 STAR JPSS Annual Science
Team Meeting, College Park, MD, August 24-28 2015

8. WangL., YongHan; Yong Chen; XinlJin; Denis A.Tremblay, 2015: Soumi NPP CrIS Radiometric Calibration
Stability Assessment: A Perspective from Two Years’ Inter Comparison with AIRS and IASI. 2015
Conference on Characterization and Radiometric Calibration for Remote Sensing, Logan, Utah,
August 22-25 2015.

9. WangL., YongHan; Yong Chen; XinJin; Denis A. Tremblay, 2015: Soumi NPP CrIS Radiometric Calibration
Stability Assessment: A Perspective from Two Years’ Inter-Comparison with AIRS and IASI. 2015
NOAA Satellite Conference. April 27-May1 2015, College Park, MD.
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Performance Metrics

# of new or improved products developed (pleaseidentify below the table) 3
# of products or techniques submitted to NOAA for considerationin operations use 2
# of peer reviewed papers 2
# of non-peered reviewed papers 1
# of invited presentations 10
# of graduate students supported by a CICS task N/A
# of graduate students formally advised N/A
# of undergraduate students mentored during the year N/A

Thisyear, the task leaderreceived three(3) rewards and one (1) highlight from NOAA/NESDIS. Three papers
has been published (2) orsubmitted (1). Four presentationshave been presented in the domesticand inter-
national conferences. We improved the JPSS-1CrlS calibration algorithms through the simulation work and
completed the software development for CrIS-AIRS-1ASI inter-comparison.
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Scientific Support for Joint Polar Satellite System JPSS VIIRS Calibration

Task Leader  Yong Chen (Slawomir Blonski’s Report)

Task Code YCYC_JPSS_15 (Part4 of 4)

NOAA Sponsor Fuzhong Weng

NOAA Office NESDIS/STAR/SMCD

Contribution to CICS Research Themes (%) Theme 1: 100%

Main CICS Research Topic Future Satellite Programs: Scientificsupport for the JPSS Mission
Contributionto NOAA goals (%) Goal 5: 100%
Highlight

Results of the VIIRS reflective solar bands radiometric calibration reprocessing were presented at a major
scientificconferenceandina peer-reviewed publication
Link to a research webpage  http://ncc.nesdis.noaa.gov/VIIRS/ReprocessingLUTs.php

Background

The Joint Polar Satellite System (JPSS)is the next generation of the U.S. polar-orbiting satellites that will
continue observations from the Suomi National Polar-orbiting Partnership (S-NPP) mission. The first JPSS
spacecraft, JPSS-1, scheduled forlaunchin 2017, takes advantage of the technologies developed forthe S-
NPP satellite and its scientificinstruments. The Visible Infrared Imaging Radiometer Suite (VIIRS) is one of
the instruments onboard the current S-NPP satellite and the future JPSS spacecraft. Calibration methods
developed forthe S-NPP VIIRS have improved the current operational data products and will also apply to
the future JPSS measurements. VIIRS is a 22-band multispectral imaging radiometer with a spectral range
from 400 nm to 12 um that includes both reflective solar bands and thermal emissive bands. VIIRS uses a
unique spatial sampling aggregation scheme that reduces changesin the pixel ground footprintsize along
the Earth surface scan. Several of the spectral channels also use a dual-gain setup that dynamically adjusts
to theimaged scene brightness. The day-night band has an unprecedented dynamicrange thatenables
Earth imagingunderboth solarand lunarillumination. These novel imaging capabilities necessitate devel-
opment of new techniques foron-orbit calibration and validation of the VIIRS instruments.

Accomplishments

VIIRS Calibration Reprocessing Presented at IGARSS 2015

Slawomir Blonski attended 2015 IEEE International Geoscience and Remote Sensing Symposium (IGARSS)
held on 26-31 Julyin Milan, Italy, participated in sessions "The Joint Polar Satellite System: NOAA's New
Global Operational Capability to Monitorthe Planet" and "Optical Sensors Calibration and Vali dation," and
gave the presentation "VIIRS Reflective Solar Bands Calibration Reprocessing." A brief paperaccompanying
the presentation was published in the conference proceedings.

Importance: The uncertainty of the radiometric calibration for the RSB channels must be kept within 2% to
assure quality of the VIIRS data products. POC:S. Blonski
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@ Flowchart of the VIIRS Solar Calibration Processing
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Chart from the IGARSS presentation depicting main steps of the calibration reprocessing

Publication on VIIRS Calibration Reprocessing

CICS-MD Scientist Slawomir Blonski (STAR/SMCD/SCDAB) has published an article in the December 2015
issue of the journal Remote Sensing. The article describes reprocessing of the radiometric calibration for
the reflective solar bands of the Visible Infrared Imaging Radiometer Suite (VIIRS) deployed on the Soumi
National Polar-orbiting Partnership (NPP) satellite. The reprocessing has demonstrated that an automated
calibration procedure can be successfully applied to all solar measurements acquired from the b eginningof
the mission until the full deployment of the automated procedure in the operational processing system.
The reprocessed calibration coefficients can be furtherused to reprocess VIIRS SDR (Sensor Data Record)
and otherdata products. The reprocessing has also demonstrated how the automated calibration proce-
dure can be used duringactivation of the VIIRS instruments on the future JPSS satellites.

Importance: Accurate JPSS VIIRS calibration ensures excellent quality measurements can be used to derive

environmental products that serve NOAA end users such as the National Weather Serviceand National
OceanService. POC:S. Blonski
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One of graphs from the Remote Sensing publication that compares original and reprocessed calibration coefficients

Planned work
e Provide analysis of the VIIRS SDR processing codes to ensure correct implementation of scientific
algorithms and calibration procedures
e Providevalidationof the look-up tables with processing parametersneededforthe JPSS-1VIIRS SDR
algorithms

Publications

Peer reviewed

Blonski, S., and C. Cao, 2015: Suomi NPP VIIRS Reflective Solar Bands Operational Calibration Reprocessing,
Remote Sens., 7, 16131-16149, doi: 10.3390/rs71215823
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Non-peer reviewed

Blonski, S., and C. Cao, 2015: VIIRS reflectivesolarbands calibration reprocessing, IEEE International Geo-
science and Remote Sensing Symposium (IGARSS), 2015, 3906-3909, doi:
10.1109/1GARSS.2015.7326678

Presentations

Blonski, S., and C. Cao: Use of VIIRS RSBAutoCal in Calibration Monitoring and Direct Readout Support,
NOAA Satellite Conference, Greenbelt, Maryland (27 April — 1 May 2015)

Blonski, S., and C. Cao: VIIRS reflective solarbands calibration reprocessing, IEEE International Geoscience
and Remote Sensing Symposium (IGARSS), Milan, Italy (26-31July 2015)

Blonski, S., and C. Cao: On-orbit Characterization of the Dependence of VIIRS Thermal Bands Noise on Cold
FPATemperature, Meeting on Characterization and Radiometric Calibration for Remote Sensing
(CALCON), Logan, Utah (24-26 August 2015)

Blonski, S.: VIIRS SDR Cal/Val: S-NPP Update and JPSS-1 Preparations, CICS-MD Science Meeting, College
Park, Maryland (23-24 November 2015)

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers 1

# of non-peeredreviewed papers 1

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year

62


http://dx.doi.org/10.1109/IGARSS.2015.7326678
http://dx.doi.org/10.1109/IGARSS.2015.7326678

Volume II: CICS-MD CICS Annual Report 2016

CUNY Science and Management Support for NPP VIIRS Snow EDR

Task Leader Peter Romanov

Task Code PRPR_VIIRS_15

NOAA Sponsor leff Key

NOAA Office NOAA/NESDIS/STAR

Contribution to CICS Research Themes (%) Theme 2: 100%

Main CICS Research Topic Calibration and Validation

Contributionto NOAA goals (%) Goal 2: 100%

Highlight We have maintained the S-NPP VIIRS Operational Binary and Fractional Snow CoverAlgo-

rithm at the NOAA IDPS. Intensive calibration and validation of both snow products has been conducted. It

has been determined that the accuracy of the binary snow products satisfies the mission requirements.
Both products are available to the users through NOAA CLASS. Two new snow fraction algorithms

have been developed and tested in a quasi-operational mode. Both new snow fraction algorithms have

been prepared forimplementation within NOAA NDE system.

Link to a research webpage  http://www.star.nesdis.noaa.gov/smcd/emb/snow/viirs/viirs-snow-frac-

tion.html

Background

Providinginformation on the state of the Earth’s cryosphere presents one of the primary missions of the
VIIRS instrument onboard S-NPP satellite. The scope of cryosphere products includes two parameters char-
acterizing he snow cover: the binary snow cover extant and the fractional snow cover. The objectives of
this project consists in providing routine monitoring of the accuracy and quality of the snow cover products
and inthe development of improved version of the retrievalalgorithm for use with SNPP and future JPSS
data.

Accomplishments

Performance of the JPSS VIIRS operational snow coveralgorithm and the snow cover product duringthe
fourth year of the instrument operation has been examined. The product accuracy assessment was per-
formed through its comparison with surface observations of snow cover and snow cover charts generated
interactively by NOAA analysts within NOAA IMS system. The quality of the product remained good
throughthe year. The accuracy of snow cover maps in cloud-clear portions of VIIRS imagery generally ex-
ceeded 90%. Better correspondence has been achieved to NOAA interactive snow cover maps thanto
ground-based observations. High accuracy of VIIRS snow cover maps should be partially attributedtoa
very conservative cloud mask. The VIIRS cloud mask algorithm frequently (and erroneously) interprets as
cloudy clearsky pixels along the snow coverboundary where most errorsin snow coveridentification typi-
cally occur.
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Figure 1. Daily estimates of the accuracy of VIIRS snow cover maps over Northern Hemisphere. The accu-
racy is estimated as the percent of exact agreement (labeled as “Total Hits” in the graph) of the snow cover
mapped inthe VIIRS binary snow cover product with the NOAA IMS snow cover map in the clear sky portion
of the VIIRS imagery.

Planned work
Itis planned to continue the snow product validation activity using both IMS and in situ data. New algo-
rithms for snow fraction retrieval will be evaluated and tested.

Presentations
P. Romanov, NESDIS Global Automated Satellite Snow Product: current status and planned upgrades. 2nd
International Satellite Snow Product Intercomparison Workshop, Boulder, CO, 14-16 September, 2015.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

O(C|O|R|([O|OC|IN|N

Two algorithmsto derive snow fraction from SNPP VIIRS have been submitted to NOAA forincorporationin
the NOAA NDE operational VIIRS data processing system.
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NPP/VIIRS Land Surface Albedo Validation Research and Algorithm Refinement

Task Leader Dongdong Wang, Shunlin Liang

Task Code SLDW_VIIRS_15

Main CICS Research Topic Calibration and Validation

Percent contribution to CICS Themes Theme 1: 40%; Theme 2: 40%; Theme 3: 20%.
Percent contribution to NOAA Goals Goal 1: 60%; Goal 2: 40%

Highlight: We have completed around of comprehensive evaluation of VIIRS albedo using both field meas-
urements and high resolution albedo reference maps. We have updated the LUT to account for desert aer-
osol. We are developing anew daily gridded product of VIIRS albedo.

Background

This work is part of the project “NPP/VIIRS Land Product Validation Research and Algorithm Refinement”
and particularly focused on the validation and refinement of the NPP/VIIRS land surface albedo algorithm.
Land surface albedo (LSA), together with ice surface albedo and ocean surface albedo, are combinedinto
one final product --VIIRS surface albedo EDR. LSA is generated from two types of algorithms: Dark Pixel Sub
Algorithm (DPSA) and Bright Pixel Sub Algorithm (BPSA). DPSA uses the Bi-directional Reflectance Distribu-
tion Function (BRDF) information from the 16-day gridded albedo IP to first calculate spectral albedo and
then convert spectral albedo to broadband albedo using empirical models. BPSA directly estimate broad-
band albedo from VIIRSTOA radiance. In addition to land pixels, surface albedo overseaice pixelsis also
calculated from a similar direct estimation approach.

Accomplishments

1. Comprehensively evaluating VIIRS LSA

Ground measured albedo was collected over 23sites forthe whole years 2012 and 2013. To investigate the
influence of land heterogeneity and mixed pixel effect on the VIIRS albedo validation results, we also col-
lected Landsat data (Landsat 7 ETM+ and Landsat 8 OLI, up to 3TB in total) overthose 23 sites of the same
period. With a high spatial resolution (30 m), Landsat-retrieved albedo is expected to function as a bridge
between VIIRS LSA and the ground measurement, thereby helpingin further understanding the main factor
that leads to the biases of VIIRS LSA retrievals.

Resultsindicate that: 1) LSA retrieval on snow-covered surfacesis more accurate if the newly developed
snow-specific LUT (RMSE = 0.082) replaces the generic LUT (RMSE =0.093) thatis employedinthe current
operational LSA EDR production. 2) VIIRS LSAis also comparable to high-resolution Landsat albedo retrieval
(RMSE < 0.04), although Landsatalbedo has a slightly higher accuracy, probably owingto higherspatial res-
olution with lessimpacts of mixed pixel. 3) VIIRS LSA retrievals agree wellwith the MODIS albedo product
overvariousland surface types, with overall RMSE of lower than 0.05 and the overall bias as low as 0.025,
demonstrating the comparable data quality between VIIRS and the MODIS LSA product.
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(a) (b) (c)

Figure 1. Inter-comparison results between VIIRS LSA and Landsat retrieved albedo over all sites listed in
Table 1. a) VIIRS validated against Landsat; b) VIIRS validated against ground truth; c) Landsat validated
againstground truth.

2. Updating LUT

For a desertsurface, the current operational VIIRS LSA EDR s calculated by desert-specific LUT, which
mainly uses the BRDF of bare soil in the simulation of atmosphericradiative transfer. Validation against the
field measurement overa desertsite called Rock Desert from the SURFRAD network forthe whole year
2013 shows that the current LSA EDR achieves an RMSE of 0.036 and a positive bias of 0.030, both of which
are much higherthan those of MODIS albedo validation results. To address the issue of overestimation, we
revisited the radiative transfer simulation process and employed a stricter standard to select the training
data that is specificfordesert aerosol type. Comparison clearly demonstrate the improvement made inthe
retrieval accuracy overthissite by using the updated desert LUT, with RMSE and bias reduced to 0.023 and
0.006, respectively, suggesting the potential of the updated desert LUT to improve the VIIRS albedo re-
trieval overdesertsite. Further validation will be performed using extensive desert sitesin future works to
comprehensively demonstratethe effectiveness of such improved desert LUT.
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Figure 2. Validation results over a desertsite (Rock Desert) for the year 2013. Comparison results between
ground truth and VIIRS-retrieved albedo using a) previous and b) updated LUT, respectively.
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3. Developingdaily gridded albedo product

Comparedtothe currentgranule data, the gridded product of LSAis much easierforthe modelingteam
and otherend usersto use. We are developinganew gridded product of the gap-free LSA datawith im-
proved accuracy. The processing chain consists of three major components: dataretrieval, griddingand

temporal filtering.

We have beenworking onanovel approach to directly retrieve daily mean albedo from VIIRS data. Results
for retrievals from snow-free and snow-covered surfaces were combined to evaluate the overall quality of
daily meanalbedo (Figure 3). The resultsindicate that daily mean albedo can be retrieved with very high
accuracy givenideal view geometry. The retrieved values are strongly correlated with measured albedo (R2
=0.996). The snow-free albedois slightly underestimated and the snow albedo has a small positive bias.
The overall biasis 0.004, with an RMSE as small as 0.024.

Figure 3. Validation results of 16-day averaged mean of daily albedo.

Regarding temporal filter, an algorithm based on temporal autocorrelation and climatologyis being devel-
oped, which canincorporate multisource of information, including: VIIRS retrieval and its QF, climatology
(meanandvariance) and temporal correlation (historical observation). Figure 4illustrates aannual time
series of albedo aftertemporal filtering.
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Figure 4. An example of VIIRS LSA original and filtered time series. The sizes of the data circles represent the
quality of the retrievals from QF.

Performance Metrics FY15
# of new or improved products developed 1
# of products or techniques transitioned from research to ops 0
# of peerreviewed papers 3
# of non-peered reviewed papers 0
# of presentations 0
# of graduate students supported by a CICS task 2
# of undergraduate students supported by a CICS task 0
Planned Work

* Continuingto assess albedo algorithms and products;
* Generatinggridded VIIRS albedo product;

* Developing NOAAenterprise albedo product;

* Updating LUT forsea ice surface albedo.

Publication
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Zhou, Y., Wang, D, Liang, S., & He, T. (2016). Assessment of the Suomi NPP VIIRS land surface albedo data
using station measurements and high-resolution albedo maps. Remote Sensing, 8, 137, doi:
10.3390/rs8020137.

Wang, D, Liang, S., He, T., Yu, Y., Schaaf, C., & Wang, Z. (2015). Estimating daily meanland surface albedo
from MODIS data. Journal of Geophysical Research-Atmospheres, 120(10), 4825-4841,
doi:10.1002/2015JD023178.

Wang, D, Liang, S., Zhou, Y., &Yu, Y. A new method toretrieve daily albedo from VIIRS data, Submitted to
IEEE Transactions on Geoscience and Remote Sensing.
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GEOG Task 3 NPP/VIIRS Land Product Validation Research and Algorithm Refinement: Science
and Management Support for NPP VIIRS Surface Type EDR

Task Leader  Chengquan Huang

Task Code CHCH_VIIRS_15

NOAA Sponsor XiwuZhan

NOAA Office NESDIS/STAR

Contribution to CICS Research Themes (%) Theme 1: 0%; Theme 2: 100%; Theme 3: 0%.
Main CICS Research Topic Calibration and Validation

Contributionto NOAA goals (%) Goal 1: 50%; Goal 2: 50%; Goal 3: 0%

Highlight Developed anew global surface type classification map based on 2014 VIIRS data
Link to a research webpage  http://vct.geog.umd.edu/st/

Background

This report summarizes the work of an ongoing NOAA project entitled “NPP/VIIRS Land Product Validation
Research and Algorithm Refinement: Science and Management Support for NPP VIIRS Surface Type EDR”
for the period of Apr2015 through Mar 2016. The purpose of this projectisto develop the surface type
environmental datarecord (EDR) product usingthe VIIRS sensoronboard the JPSS/NPP satellite. This prod-
uct includes an Annual Global Gridded Surface Type (GST) ancillary data product (ADP) with daily up-
date of snow cover and fire activities. This productis a majorinputfor producingthe VIIRS Land Surface
Temperature and Albedo EDRs, and is required for many climate and earth system modeling studies as well
as ecological applications. The GSTADP is a successor of global land cover products derived based on the
POES/AVHRR, EOS/MODIS, and other global monitoring systems. Such products typically requires at least
oneyear’s of observations to capture the phenological dynamics of different surface typesinafull year.
The GST ADP needsto be generated and delivered to the IDPSand NOAA's planned NDE system on an an-
nual basis.

Accomplishments

Major accomplishmentsin the last projectyearinclude development of the GST ADP using 2014 VIIRS d ata,
arefined productfor use by NOAA NCEP modelers, and a monitoring system forthe Surface Type EDR
product.

The GST ADP is a global surface type map developed using the 17-class IGBP classification system. The 2014
product was created using a series of annual metrics extracted from 2014 VIIRS surface reflectance data
(Figure 1). Compared to the surface type map delivered in 2013, a majorimprovementisthata more ro-
bustand powerful algorithm, i.e., the support vector machines (SVMs), was implemented toreplace the
previously used C5.0decision tree algorithm. Associated processing steps, including training, parameters
tuning, and classification, were also refined considerably. Additional training samples were collected toim-
prove the representativeness and to address the issues such as overestimation of snow/ice and underesti-
mation of croplands. To reduce the computational load of the training and classification of SVMs caused by
the use of a large training sample setand a complicated classification model, parallel implementations
were employed inthe map production. Meanwhile, post-classification was redesigned to address issues
noticedinthe new classification results.
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Figure 1. The 2014 globalsurface type classification map in the 17-class IGBP legend using the SVMs classi-
fication algorithm.

Validation results suggested that the newly created GSTADP not only met the accuracy requirement, but
also outperformed the previously delivered map in terms of overall accuracy. Snow/ice and croplands clas-

ses, which were intended toimprove inthisversion, were indeed found superior to the 2013 classification
map.

Figure 2. The 20-class 2014 globalsurface type classification map for NCEP.
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Buildingonthe 17-class GST ADP, we also developed a 20-class global surface type map. This map provide
3 additional classes overthe tundraregion (Figure 2). This product was developed specifically for use by
NCEP modelers.

Further, we developed a fully automated tool for daily monitoring of all four components of the surface
type EDR, including surface type, snow cover, fire, and vegetation fraction. This tool has beenintegrated
into NOAA’s web-based monitoring system forits JPSS based EDR products
(http://www.star.nesdis.noaa.gov/jpss/EDRs/products_surfacetype.php).

Our work led to several oral and poster presentations in nationwide workshops and conferences, and a pa-
perintroducingthe entire framework of the development and validation of surface type products has been
publishedinapeer-reviewed journal.

Planned Work

e Continue workingonalgorithm refinement forthe surface type classification, including collecting
more representative training samples and assessing the importance of individual annual metricsin
classification.

e Continue working on generating 2015 surface type classification map using the SVMs.

e Improve daily and monthly surface reflectance compositing method.

e Developasuite of continuous field maps of various land cover components, e.g. surface water, im-
pervious surface, tree cover, toimprove surface type characterization.

e Improve existingcloud/shadowalgorithmsto achieve virtual clearview on aweekly oreven near
daily basis.

e Prepare the transition of the surface type input datato the NDE environment.

Publications
Rui Zhang, Chenggquan Huang, Xiwu Zhan, Qin Dai, Kuan Song. (2016). Development and Validation of the
Global Surface Type Data Product from S- NPP VIIRS. Remote Sensing Letters, 7(1): 51-60.

Xi Li, Rui Zhang, Chengquan Huang, Deren Li. (2015) Detecting 2014 Northern Irag Insurgency using night-
time lightimagery. International Journal of Remote Sensing, 36(13): 3446-3458.

Ran Meng, FengR. Zhao, KangSun, Rui Zhang, Chengquan Huang, Jianying Yang. (2015). Analysis of the,
APECBIlue, in Beijing Using More than One Decade of Satellite Observations: Lessons Learned from Radical
Emission Control Measures. Remote Sensing, 7(11): 15224-15243.

Products
The 2014 global surface type classification mapsinthe 17-class IGBP legend and the 20-class NCEP legend.

Presentations

Rui Zhang, Chengquan Huang, Kuan Song, Mark Friedl, Damien Sulla-Menashe, Xiwu Zhan, Development of
S-NPP VIIRS surface type products, 2015 NASA Carbon Cycle & Ecosystems Joint workshop, College Park,
Maryland, USA, 2015.
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Rui Zhang, Chengquan Huang, Xiwu Zhan, Validation of JPSSS-NPPVIIRS Surface Type Environmental Data
Record, 2015 NOAA Satellite Conference, Greenbelt, Maryland, USA, 2015.

RuiZhang, Chengquan Huang, Xiwu Zhan, SVMbased VIIRS global surface type classification map and pre-
liminary validation, 2015 STARJPSS Science Team Meeting, College Park, Maryland, USA, 2015.

RuiZhang, Chengquan Huang, Xiwu Zhan, Suomi NPP surface type environmental data record —a continu-
ity of EOS MODIS land cover product, 2015 AGU Fall Meeting, San Francisco, California, USA, 2015.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

O|OCO([C|OC|OC|([W|IN]|N

Table explanation:

- Thetwo productslistedinthe firsttwo rowsinclude anewly developed GST ADP with the IGBP leg-
end and a new 20-class surface type map for use by NCEP modelers. These products have been de-
livered to NOAA for considerationin the operational use.

- Seethe Publications section for details on the three peer-reviewed journal articles.
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Satellite Calibration and Validation (Cal/Val) efforts for STAR Precipitation Products

Task Leader: E. Hugo Berbery

Task Code: EBEB_SCAV_15

NOAA Sponsor: Mike Kalb

NOAA Office: NOAA/NESDIS/STAR

Contribution to CICS Research Themes (%): Theme 1: 30%; Theme 2: 70%

Main CICS Research Topic: Calibration and Validation

Contributionto NOAA goals (%): Goal 1: 25%; Goal 2: 75%

Highlight: Daily and seasonal validation of satellite precipitation estimates continued, and a manuscript
titled “Seasonal and Regional Validation of Operational Satellite Precipitation Estimates” was publishedin
the Journal of Operational Meteorology.

Link to a research web page: http://cics.umd.edu/ipwg/index.html

Background

The NOAA/NESDIS/Centerfor Satellite Applications and Research (STAR) isresponsible forthe calibration
and validation (Cal/Val) of remotely-sensed products produced by NESDIS. Successful use of satellite-de-
rived precipitation estimates requires verification at various spatial and temporal scales. The Cooperative
Institute for Climate and Satellites at the University of Maryland (CICS-MD) produces daily and seasonal
validation statistics overthe contiguous United States (CONUS) for many precipitation products using a
common International Precipitation Working Group (IPWG) framework. This routine monitoring focuses
on products produced by the National Oceanicand Atmospheric Administration (NOAA) and the National
Aeronautics and Space Administration (NASA). Awebsiteis updated daily to provide monitoring and vali-
dationtoolsto operational users and algorithm developers.

Accomplishments

Validation of STAR rainfall products overthe contiguous United Statesis conducted atthe end of each me-
teorological season (Dec-Feb, Mar-May, Jun-Aug, and Sep-Nov), and the results are disseminated viaaweb
page (http://cics.umd.edu/ipwg). Daily rainfallamounts are validated using rain gauge dataas “truth” over
bothregions, and radar data (Stage IV data) also are used to validate composites of swath rainfall products
overthe U.S. These activities seek to provide STAR rainfall algorithm developers with feedback on the per-
formance of theiralgorithms, which will help to guide decisions on whetherto divertresources toward al-
gorithmimprovement or perhapstoinvestigate the reasons for recent algorithm behavior (good or poor).

Seasonal validation efforts of several operational rainfall products (i.e., SCaMPR (US only), MiRS, MSPPS,
and the HydroEstimator) generated by NESDIS (and originally by STAR algorithm developers) were con-
ducted for the Mar-May, Jun-Aug, Sep-Nov, Dec-Feb 2015-2016 seasons. Results were disseminated within
a month after the end of each season. The results are discussed with NOAA scientists, and modifications
and additions of new statistics in which they are portrayed are conducted as requested. The NESDIS rain-
fall products also were validated on adaily basis. For comparison, this validation also was extended to
CMORPH, Merged Microwave, GPI (CPC), TRMM (NASA), NRLBlended, PERSIANN (UCIrvine), and GSMAP
(JAXA). The validation procedures were modified to incorporate precipitation estimates from the ATMS
instrument.
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Fig. 1. Comparison of satellite rainfall from AMSR-2 with ground-based observations integrated by the
multi-radar multi-sensor system (MRMS) on March 9, 2016. Green areas in the lower-left panelindicate
that the satellite and radar products agree on the occurrence of rainfall.

Website modifications continued to help ease access and better serve the community. The main page now
directly links ourvarious validation activities. Navigation buttons accompany the daily validation images,
allowingforeasieranalysis of consecutive days. Archives now provide access to daily imagery over 60 days
old. The validation procedures were modified to incorporate precipitation estimates from the ATMS and
AMSR?2 instruments. In addition, considerable effort has been expended to streamline and document these
procedures.

A manuscript was recently published in the Journal of Operational Meteorology (Rudlosky et al. 2016). The
daily validation statistics were composited into annual and seasonal composites to investigate the factors
contributingto seasonal and regional biases in the precipitation estimation products. This manuscriptana-
lyzed the performance of five satellite-derived precipitation products relativeto ground-based gauge ob-
servations. Differencesin passive microwave (PMW) and/orinfrared (IR) observations observations leadto
seasonal andregional biases thatinfluence the operational utility of the satellite precipitation estimates.

In turn, these products require informed interpretation by forecasters. Five years of daily satellite pre cipi-
tation estimates (2010-14) were compositedinto two types of seasonal and annual maps to characterize
performance. The seasonal composites revealed positive biases during summer and greater variability
among satellite products during winter. Each satellite product overestimated the maximum daily precipita-
tion relative to gauge throughout much of the central and eastern United States. Inthisregion, the 95th
percentile of gauge-reported daily precipitation values generally ranged between 20-40 mm day?,
whereas the satellite-reported values generally exceeded 40mm dayt. Winterexhibited greatervariability
among satellite products and a mix of both positive and negative biases. The bias magnitudes were greater
and the spatial correlations were lower (i.e., the composite maps are less similar) during winter than during
summer. The IR-based products generally overestimated winter precipitation north of 36° N, and the
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PMW-based products performed poorly in mountainous regions along the west coast. These results char-
acterized biasesin satellite precipitation estimates to betterinform the user community and help research-
ersimprove future versions of their operational products.

Planned Work

e Routine daily and seasonal validation activities will continue, and the procedures will continue to
be streamlined to ease useraccess.

e Plansare inplace to incorporate lightning data to obtain estimates of product performance in con-
vective and non-convective regions.

e Thecurrent suite of validation activities focuses on the validation of rainfall products, and largely
excludes validation of snowfall estimates. Several snow products are routinely produced by STAR
scientists, and validation of these productsis required in orderto both benchmark current perfor-
mance and to identify areas forimprovement. During the upcoming performance period, we will
begin assessing potential sources of reliable snow validation datathat can be used to routinely vali-
date snowfall estimates from satellites and incorporated into our validation activities.

Publications
Rudlosky, S. D., M. A. Nichols, P. C. Meyers, and D. F. Wheeler, 2016: Seasonal and annual validation of

operational satellite precipitation estimates. J. Operational Meteor., 4 (5), 58-74, doi:
http://dx.doi.org/10.15191/nwajom.2016.0405.

PERFORMANCE METRICS FY15
# of new or improved products developed (pleaseidentify below the table) 0
# of products or techniques submitted to NOAA for consideration in operations use 0
# of peerreviewed papers 1
# of non-peered reviewed papers 0
# of invited presentations 0
# of graduate students supported by a CICS task 0
# of graduate students formally advised 0
# of undergraduate students mentored during the year 1

76



Volume II: CICS-MD CICS Annual Report 2016

Science and Managerial Support to Global Space-Based Inter-Calibration System (GSICS)

Task Leader  Manik Bali

Task Code EBMB_GSIC_15

NOAA Sponsor Fuzhong Weng/Lawrence E. Flynn

NOAA Office SMCD

Contribution to CICS Research Themes (%) Theme 1 (100%)
Main CICS Research Topic Calibration and Validation
Contributionto NOAA goals (%) Goal 1(100%)
Highlight

Link to a research web page

Background

The GSICS ( gsics.wmao.int) Coordination Center ( GCC) hosted by NOAA Staris lead by NOAA lead Law-
rence E. Flynnwho serves as Director of GCC. Manik Bali, the Task Leader of this task supportsthe NOAA
lead as Deputy Director of GCC, Editor of GSICS Newsletterand Member of GSICS Data Working Grou p.

The mainaim of GCCis to facilitate the sharing of inter-calibration activities across 15 satellite agencies
(members of GSICS) and to lead the scientificdiscourse on application of inter-calibration data and algo-
rithms for monitoring and maintainingin-orbit satellite accuracy and stability. A major GCCalso helps
members decide on choosingin-orbit references and making them aware of expectations from user com-
munity. GCCalso publishes quarterly newsletters that are vetted by WMO and memberagencies.

As member of GSICS Data Working group, Manik Bali supports identification of Meta data standards for
GSICS products, Mirroring of GSICS Products and routine activities of GSICS Product generation such as
supportingthreads migration.

Accomplishments
Past year has seen several accomplishments. These accomplishments have been presented ininterna-
tional conferences.

1. GCC enhancedthe capabilities of GSICS Procedure for Product Acceptance andforthe firsttimea
GSICS product was assigned the highest maturity level i.e Operational.

2. GCCleadacquiringthe userrequirements from the scientificcommunity. The collected userre-

quirements would help GSICS to set concrete goals for the comingyears.

GCC Published four newslettersinthe pastyear

4. GCCwasinvitedtoreviewthe GSICS Product User Guide by EUMETSAT

w
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VIIRS I5 SRF retrieved from collocations with GOES-13 SRF retrieved from collocations with IASI

GCCdeveloped algorithms to produce Spectral Response Function by inter-comparison with Hyper Spec-
tral Instrument

The spectral response functionis retrieved by using de-convolution. Thistechnique gives a deterministic
solutiontothe system linearequations that are used tofit the representative radiances.

GSICS wishestoinclude this as aproduct.

GCC investigated the use of a fundamental climate data record as an in-orbitreference.

A common problem with finding a suitable in-orbit reference in Microwave is the temporal degradation of
instruments, the scan angle dependence of detectors and other biases that crop up during the instruments
lifein orbit.

Using a setof collocations between SATMS and MSU-AMSU-A FCDR developed by ChengZhiZou, GCC
showed that this FCDR can be a

Zenith angle dependence of ATMS is captured
within the limits predicted by Faultwetter
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NOAA- GSICS Data Working Group duties The bias between ATMS and AMSU-A FCDR is
of the prelaunch level.

e Established the GSICS Microwave metadatastandards. These have been accepted by the micro-
wave subgroup.

e Established amirrorsite for GSICS product. The mirror of the products can be visited here.

e DevelopedaSNOtestingsuite. Thissuite uses AATSR pixelsasareferenceinaSNO algorithm. The
ideaisto detectifthe SNOis able to identify collocations that are previously known. This work was
presentedinthe GSICS Annual Meeting ( See here).

SCSB/CICS-MD Presenters at the JPSS Science Meeting Manik Bali

The STAR JPSS 2015 Annual Science Team Meeting was held this week, August 24-28 August 2015 at
NCWCP in College Park, MD... There were also CICS-MD Posters, including Manik Bali poster entitled “JPSS
Instrumentlead GSICS cross calibration activities.” Importance: JPSSis NOAA’s primary polar observing sys-
temand its measurements contribute to NOAA mission goals. POC:R. Ferraro & C. Pan

Planned Work
1) Performdutiesasthe Editor of the GSICS Quarterly Newsletter, co-ordinate and Manage web meet-

ing of various GSICS subgroups, helptoco-ordinate and organize international workshops on GSICS
topics

2) Preparereportsandtrack actionitemsfor GCC and subsidiary working groups, assist the GCC Director
in establishing the GRWG sub-working research groups, assist the GSICS directorin identification of
new Satellite products to promote.

3) Designand maintainthe GSICS dataworking group website and wiki pages, designand develop a
GSICS product acceptance plan as well as product taxonomy;, file naming conventions and meta data
conventions forall the subgroups of GSICS (IR MW VIS UV).

4)  Establishtrust-worthiness of GSICS community reference instruments such as CrIS/IASI/AIRS and use
them forre-constructing post launch status of Spectral Response Functions of GEO instruments such
as GOES.

5)  Performbias monitoring of GOES series of instrument by comparing with CrlS.

6) Confirmation of requirementsand development of acceptance procedures for GSICS measurements,

prepare reports and track actionitems for GCC and subsidiary working groups, publish workininter-
national journals of repute.
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7) Conductoriginal research on calibrationfor space-based measurement systems operatingin the visible
and ultraviolet, including on-orbit refinement of spectral response functions and development of vicar-
ious calibration methods.

8)  Support GSICS/WMO to develop a Document Management System.

Publications
Papersubmitted to Atmospheric Measurement Techniquesis accepted and underreview : See here.

Presentations

Bali, Manik

JPSS Instrument lead GSICS cross calibration activities
STAR JPSS Annual Science Team Meeting

College Park, MD

8/24/2015 to 8/28/2015

Bali, Manik

GSICS Products and Deliverables
CICS-MD Science Meeting
College Park, MD

11/23/2015 to 11/24/2015

Bali, Manik, and Lawrence Flynn

GSICS SatelliteIntercalibration Products
AGU Fall Meeting

San Francisco, CA

12/14/2015 to 12/18/2015

Performance Metrics

# of new or improved products developed (please identify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

O|lCO(|O|R|NIR|[O]| O

# of peer reviewed papers -> One paperunderreview at AMT.
# of non-peered reviewed papers ->Contributed to GSICS Newsletter
# of invited presentations -> GSICS Executive Panel Meeting 2016
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Suomi NPP (SNPP) Visible Infrared Imager Radiometer Suite (VIIRS) Active Fire Products Applica-
tions for Fire Management

Task Leader Evan Ellicott

Task Code EEEE_SNPP_15

NOAA Sponsor Arron L. Layns

NOAA Office Joint Polar Satellite System

Contribution to CICS Research Themes (%) Theme 1: 40%; Theme 2: 40%; Theme 3: 20%.
Main CICS Research Topic Calibration and Validation

Contributionto NOAA goals (%) Goal 1: 20%; Goal 2: 80%

Highlight: 2015 was successful inadvancing ourgoalsto leverage SNPP VIIRS AF products for operational
use of active and post-fire management and research. Inaddition, the pastyearsaw numerous opportuni-
tiesrealized forthe purposes of quality assessment (QA) and validation of the VIIRS AF data. We were en-
gaged withthe role out of AWIPS Il and assisted with understanding the implementation of the VIIRS AF
product. Outreach and education was, and still is, a strong component of this projectand 2015 witnessed
growthin our U.S. and international communication and training. New VIIRS AF products, including fire
radiative power (FRP) and fire mask for the M-band product and the testing and eventual roll-out of the |-
band fire product has expanded the end-users’ interestin the VIIRS fire capabilities. Therefore, we have
pursued promoting and educating users about these new datasets. Finally, we continueto employ our
website to provide highlights of fire dataand imagery from VIIRS whil e offering clearand succinct infor-
mation forthe public.

Link to a research web page: http://viirsfire.geog.umd.edu

Background

When the Suomi National Polar-orbiting Partnership (SNPP) launched in 2011 it was expected that the
VIIRS Active Fire (AF) product would play animportant role in wildland fire management and research.
Overthe past 4 years, the AF data has been used toimprove situationalawareness such as hot-spot detec-
tion and characterization, air quality monitoring,and fire weather-related applications while also support-
ingfundamental and applied research. The National Oceanicand Atmospheric Administration (NOAA)
plays a strategicrole in wildfire monitoring and modeling with spaceborne asse ts developed to provide
synopticandtimely data. Itisthisneedfortimelyandaccurate data whichisdemanded by end-usersin
both research and operational fields, whether thisisto develop improved fire spread models or providing
near-real time situational awareness. Thus, the VIIRS AF Proving Ground and Risk Reduction (PGRR) pro-
jectwas established by NOAA to ensure maximum benefit for downstream users through outreach and ed-
ucation and product evaluation and improvement. The goal of this project isto leverage the VIIRS AF prod-
ucts for active and post-fire management and NOAA operations to improve research and decision making.

Accomplishments

Communication with end-usersis critical and thus we have maintained on-going and frequent discussions
with our partnersinthe USFS, NOAA, and Direct Readout/Broadcast community. Our monthly telecons as
part of the Fire & Smoke initiative provides aforumto discuss strategies and approaches to best engage
our stakeholders while also opportunities to perform case studies. Atthe national-level of fire operations,
communication with the Predictive Services, Intelligence, and NWS staff at the National Inte ragency Fire
Center(NIFC) in Boise has been extremely fruitfulin understanding their specificgoals and hurdles and the
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currentand potential value of VIIRS AF data for their operations. Ourregularcommunication with Ed Del-
gado, National Program Manager of Predictive Services at NIFC, started in 2014 and continued though
2015 (and will likely continueforthe foreseeable future). This dialogue hasallowed ustoto keepthemin-
formed of VIIRS updates and progress while we stay abreast of activities in the fire operations community.
In addition, we monitored the transition to the AWIPS || CAVE workstations which willbe supportedin the
NIFC and Geographical Area Coordination Centers (GACC) offices. Regular discussions with Evan Polster,
the technical lead of the FXCAVE project (formerly the FX-Net project) which mostly services the fire
weathercommunity (NIFC), has provided an opportunity for both sides of this discussion tolearn about the
other’srespective products and applications. Evanreached outto usin early Septembertoinquire about
ingesting VIIRS AF data, as well as smoke forecast products. For the latter, we included Shobha Kondra-
gunta into the discussion. Shobhaisafellow PGRR Pl from the IDEA (Infusingsatellite Datainto Environ-
mental air quality Applications) project with whom we maintain communication with to facilitate interac-
tion with, and disseminateinformation to, relevant fire operations personnel (e.g. IMETs and Incident Air
Quality specialists).

In Alaska, several teleconferences were held throughout the year with the Geographiclnformation Net-
work of Alaska (GINA) to discuss the dissemination of VIIRS AF dataviatheir Direct Readout operations.
Thisis of particularinterest, and of critical need, to the Alaska Fire Service (AFS) and the Alaska Interagency
Coordination Center (AICC). Ourinteractions with the Alaskafire community led to us participatingin their
Alaska Wildland Fire Coordinating Group Interagency Fall Fire Review meeting (remotely) in October. We
have subsequently arranged to travel to Fairbanks in March, 2016 to provide hands-on support, training,
and face-to-face meetings.

As a part of international outreach activities, the VIIRS AF information was communicated to the GOFC-
GOLD Fire Implementation team regional networks at meetings such as the Global Forest Observations Ini-
tiative (GFOI) capacity building meeting, Sydney, Australia, 2—6 March 2015. Further, an online survey
was disseminated to the GOFC network to capture the user needs of fire community specificto VIIRS fire
datasets, including topics such as ease of access and usefulness for various applications. We’ve also as-
sisted the World Resource Institute (WRI) with downloading and describing the VIIRS AF datainto their
Global Forest Watch — Fires web mapper. Thisinteractive map and data dissemination portal is used to
coverfire activity and related air quality issues in Southeast Asia, and Indonesia specifically.

Long-term monitoring of the IDPS product revealed thatthere have been no spurious detectionsto date in
2015. With this, our effortstoimprove the quality of the IDPS productis considered to be finished and we
re-directed ouralgorithm development focus to the new Active Fire product to be implemented in NDE.
The new product includesfire radiative powerand the code accommodates the sensorscanning geometry.
Alongthese lines we continued our cal/val efforts both in the laboratory here at UMD and inthe field,
working with our partnersinthe USFS and Maryland Department of Natural Resources (DNR), among oth-
ers (Figure 1).
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Figure 1: Photo examples of VIIRS AF evaluation and validation efforts; a) Laboratory experiments being performed at
the University of Maryland to validate our radiometers; b) Overhead array ofinstruments including dual-band radiom-
eters and FLIR T-640; c) Prescribed fire (Rx) in George Washington National Forest (GWNF), Virginia, with in situ, tower-
based radiometers and d) Post-fire residual smoke from GWNF fires.
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Planned work

Supportrole-out of AWIPS Il with VIIRS AF products. This has not been of critical importance, butasthe
role-out stabilizes we will push hard to ensure the VIIRS fire products are available and the necessary train-
ingand meta-dataisavailable.

We will also continue to communicate and work with Shobha Kondraguntato facilitateinteraction and dis-
semination of fire and smoke datato operations personnel (e.g. IMETs and Incident Air Quality specialists).
Our plannedvisitto GINA, AFS, and AICCin March 2016 in Fairbanks, Alaska, will include BOTH an active
fire and smoke/aerosol component.

Our outreach efforts are fundamentally targeted at organizations, agencies, and individualsin the realm of
fire operations and as such the focus for this PGRR project has been the ope rational end-users with a par-
ticularemphasis at disseminationinformation and educationinatop-down approach. Thus, we will con-
tinue to engage members of the GACCs and NIFCto assistin training. We will continue to participatein
monthly telecons facilitated by the National Interagency Coordination Centerat NIFC. These monthly col-
laboration calls also double as a vehicle for showcasing new research and technology thatis relevant to
theirwork.

In addition, ourexperimentsto validate VIIRS AF and conduct basic research using VIIRS and VIIRS-like
proxy sensors are paving the way to better characterize the productand demonstrate opportunities for
satellite-based fire product synergies.

We will attend a NASA LCLUC meetingin Yangon, Myanmar, in January to meet with individuals from the
GOFC networkto discuss the use of VIIRS AF. Currently, many usersin Southeast Asiarely on NOAA-18and
are not comfortable oreven familiar with using VIIRS. Krishna Vadrevu, IT Executive of GOFC, is coordinat-
ingthis meetingand will be in attendance.

Publications

e Csiszar, W. Schroeder, L. Giglio, E. Ellicott, B. Wind, K. Prasad Vadrevu, and C. Justice, (2014) Active
Firesfromthe Suomi NPP Visible Infrared Imager Radiometer Suite: Product status and first eval ua-
tionresults. ). Geophys. Res. Atmos., 119, doi: 10.1002/2013JD020453.

e W. Schroeder, E. Ellicott, C. Ichoku, L. Ellison, M. Dickinson, R. Ottmar, C. Clements, D. Hall, V. Am-
brosia, and R. Kremens, (2014), Integrated active fire retrievals and biomass burning emissions us-
ing complementary near-coincident ground, airborne and spaceborne sensor data. Remote Sensing
Environment. doi: http://dx.doi.org/10.1016/j.rse.2013.10.010.

Presentations
Presentations have included, but limited to:

e Participation atthe WIFIRE workshop “Towards Data-Driven Operational Wildfire Spread Modelling” in
San Diego (January, 2015). This talk gave a brief overview of current Suomi NPP fire detection and
characterization capabilities and developments coming down the pipeline. Italso provided infor-
mation on smoke products and where tofind all the data and learn more about them.

e We presented (remotely) atalk at the NOAA Satellite Proving Ground/User Readiness Meetingin Kan-
sas City on June 19, 2015, titled “Fire and Smoke:
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e AnoverviewofVIIRS products”. (InJanuary, we participated at the WIFIRE workshop “Towards Data-
Driven Operational Wildfire Spread Modelling”. This talk gave a brief overview of current Suomi NPP
fire detection and characterization capabilities and developments coming down the pipeline. Italso
providedinformation on smoke products and where to find all the dataand learn more aboutthem.

e On May 14, 2015 we provided (again, remotely) asimilartalk atthe OCONUS Technical Interchange
Meetingin Anchorage Alaska.

e Two posterswere presented atthe NOAA Satellite Conference on April 29th entitled “The VIIRS Active
Fire Data for Fire Management: A review of the Proving Ground and Risk Reduction (PGRR) Project ef-
forts”. An additional posterwill be presented by Ivan Csiszar entitled “Latest developments related to
the improvement of the operational NOAAVIIRS active fire product”

e A posterpresentationatthe 2015 STAR JPSS Annual Science Team Meeting (August 24-28)

e We attended the NOAA Satellite Air Quality Proving Ground (AQPG) workshop September9, 2015 at
which Ivan Csiszar provided a presentation titled “Use of VIIRS fire products to support fire manage-
ment”.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

mlOlO|l®| OO | =] O

# of undergraduate students mentored during the year

Performance Table Explanation

Thisyear our emphasis continued to be outreach and communication, with a strong, collaborative working
with the VIIRS AF cal/val team on VIIRS AF evaluation. We provide numerous presentations, many invited,
as well as hands on demonstration and training about VIIRS, data access, and applications. Two papers
were published demonstrating satellite active fire applications, validation, and in particular, VIIRS early ma-
turity status.
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Continued Expansion, Enhancement and Evolution of the NESDIS Snowfall Rate Product to Sup-
port Weather Forecasting

Task Leader  Jun Dong

Task Code JDCK_FCST 15

NOAA Sponsor Huan Meng

NOAA Office NESDIS/STAR/

Contribution to CICS Research Themes (%) Theme 1: 70%; Theme 2: 30%; Theme 3: 0%

Main CICS Research Topic Calibration and Validation

Contributionto NOAA goals (%) Goal 1: 70%; Goal 2: 30%

Highlight: The ATMS SFR algorithm wasimproved based on better MRMS radar data; A new satelliteand
radar merged product has been produced by a real-time system.

Link to a research webpage  http://cics.umd.edu/sfr; http://cics.umd.edu/data

Background

An ATMS Snowfall Rate (SFR) algorithm has been developed with the support of JPSS PGRR Program and
NESDIS/STAR, and partially runs real-time under framework of the operational AMSU product. The ATMS
and AMSU SFR products have been proved very useful through NASA/SPoRT assessment at several WFOs.
However, currentalgorithms still have some weakness: negative bias comparing to radar observations; the
effect of the supercooledliquid waterinthe cloud and the inability to detect snowinglow cloud. In the past
year, the SFR product was recalibrated and validated using new Multi-Radar Multi-Sensor (MRMS) data.
Based feedback of the assessment, we also classified some cases in which the SFRs were underestimated
duetoliquid watereffect. We are adding liquid water to ourforward model to count forthis effect. Further-
more, a updated snow detection algorithm are developing to detect snow for low cloud.

Accomplishments

1. Comparison to MRMS SFR

For ATMS, five snow events were picked for calibration and other three cases for validation during two-
winterseason, 2013/12 - 2015/02. The ATMS data were matched with MRMS radar data using convolution
method. To ensure the observation quality, only good quality radar data were picked using Radar Quality
Index (RQI). Then, the histogram of ATMS SFR was adjusted toward MRMS data by least square fitting, and
the statistics before and after the new calibration are shownin Table 1, as well as for the validation cases.
The new calibration greatly reduces SFR bias and improves other statistics (Table 1), and makes histogram
of ATMS SFR more consistent with radar observation (Figure 1upper panel). Following the same procedure,
we also recalibrated MHS sensor and got the similar result (not shown).

Table 1: The comparison of statistics before and after new calibration for ATMS

COR BIA RMS

Original 0.55 -0.30 0.77
Calibration 0.56 -0.10 0.73
Validation 0.50 -0.05 0.62
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Figure 1: Histograms before (upperleft) and after new calibration (upper right) for ATMS. Lower panel are
scatter plot (left) and histogram (right) of Jonas snow event between ATMS and MRMS SFR.

2. Jonas snow event (January 22-24, 2016)

Ahistorical nor’easter, Jonas, hitthe Mid-Atlanticregionon January 22-24, 2016 and produced record snow-
fallinmany local areas. The NESDIS SFR product captured the evolution of Jonas with five satellitesincluding
S-NPP (ATMS), POES and Metop (AMSU and MHS) satellites. The SFR product and a SFR-based radar-satellite
merged product, mSFR, were used by NWS Sterling Office (LWX) for the forecast of Jonas. Feedback from
LWX indicated that the products were “VeryUseful”, and theirimpact was “Very Large” on the LWX forecast
process. Figure 1 (lowerpanel)shows the consistency between the satellite SFR product and radar observa-
tion for this event.

3. Low Clouds snow detection

The objective was to improve the current snowfall detection algorithm for shallow to moderate cloud sys-
tems. A sample of snowfall events over Continental US and Alaska during the months of October 2014 and
March 2015 was collected. For the selected events, a number of cloud and atmospheric parameters was
obtained from GDAS and matched with ATMS measurements and in-situ station data. GDAS cloud parame-
ters included cloud height, cloud top height, cloud top temperature and pressure. Matched were also re-
trieved snowfall from the existing algorithm — probability of snowfall detection and snowfall rate.

The training sample was classified intotwo cloud categories, amoderate cloud and thick cloud regime. Cloud
thickness threshold to discriminate betweenthe moderate and thick cloud regime was estimated at 3500 m
as approximately the mean thickness of the snowfall sample. A new shallow-to moderate cloud snowfall
algorithm was developed as follows:
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e For cloud thickness less than 1500 m, the associated event was classified as no-snowfall since the
(ground truth) fraction of snowfall cases in this thickness range was at 10%;

e For cloudthickness between 1500 m and 3500 m, a new algorithm based onthe same scheme (prin-
cipal components + logistic regression) was trained for the warm and cold regimes, respectively;

e Forcloud thickness greater than 3500 m, the existing algorithm was le ft unchanged.

Current Algorithm New Algorithm

N\
&«

N N\
e pd

Figure 2: Comparison of the currentalgorithm (upperleft) and the new algorithm with low cloud detection
(upper right). The plots in lower panel are corresponding MRMS radar observation.

New shallow snow algorithm resulted in a 10 % and 4% gains in snowfall detected areas for the cold and
warm regimes, respectively, and 1 % reductionin false alarm for both regimes. The figure below shows an
inter-comparison between the current and the new ATMS snowfall detection and rate algorithm using the
Multi-Radar Multi-Sensor System (MRMS) as ground truth reference. Arrow in Magenta color indicates
legitimategainin snowfall whereas the arrow in red indicates false alarm. MRMS image also shows that the
snowfall event captured was associated with a shallow to moderate cloud system.

4. Modeling Super Cooled Liquid Water
In the current SFR algorithm, an assumptionis the neglecting the emission impact of liquid water. Emission
has a warming effecton Tb while scattering cools Tb. Consequently, significant errors can resultin the RTM
forward model. To count forthe liquid water effect, we are adding liquid waterin ourone -layer RTM
model. There are three stepsto archive this goal:
e Generate liquid water optical parametersforliquid waterto use inthe forward RTM. This step has
beenfinished;
e Addwaterparameters (LWP, De) in the inverse matrix. We are working on this step;
e Figure outappropriate dataset toinitialize the parameters. The Atmospheric Radiation Measure-
ment (ARM) and 0.25 degree GFS data are collectingto find best relation forthe parameters.

Planned work
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Add cloud liquid waterrelated parameters in the radiative transfer model for both ATMS and MHS;

e Establish empirical equations to initialize cloud liquid water and ice water related parameters for
both ATMS and MHS;

e Calibrate the new algorithm using MRMS radar precipitation data;

e Integrate the new SFR algorithm into real-time SFR retrieval system for both ATMS and MHS;

e Refinethe Low cloud snow detection algorithmin the shallow-to-moderate cloudregime by optimal
utilization of GFS data;

e Develop shallow cloud snowfall detection algorithm for MHS.

Publications

Dong, J, H. Meng, Calibration and validation of Satellite Microwave Snowfall Rate Retrieval Algorithm, in
preparation.

Products

e Thisprojectwill provide updated SFR product considering the snow liquid water effect;
e Improved shallow snowfall detection algorithms.

Presentations
Dong, J., H. Meng, et al., Satellite Microwave Snowfall Rate Retrieval Algorithm, Cal/Val and Application,
CICS-MD Science Meeting, College Park, November 2015

Performance Metrics
# of new or improved products developed (pleaseidentify below the table) 0
# of products or techniques submitted to NOAA for consideration in operations use 0
# of peer reviewed papers 0
# of non-peered reviewed papers 1
# of invited presentations 1
# of graduate students supported by a CICS task N/A
# of graduate students formally advised N/A
# of undergraduate students mentored during the year N/A

Thisis the firstyear of the project, and the corresponding papers and products will be producedin the fol-
lowingyears.
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Transition and Enhancement of ATMS Snowfall Rate Product and its Fusion with Weather Radar
Data

Task Leader  Jun Dong

Task Code JDID_ATMS_15

NOAA Sponsor Huan Meng

NOAA Office NESDIS/STAR/

Contribution to CICS Research Themes (%) Theme 1: 30%; Theme 2: 70%; Theme 3: 0%

Main CICS Research Topic Calibration and Validation

Contributionto NOAA goals (%) Goal 1: 70%; Goal 2: 30%

Highlight: The ATMS SFR algorithm wasimproved based on better MRMS radar data; A new satelliteand
radar merged product has been produced by a real-time system; SFR product assessment at NWS Weather
Forecast Offices

Link to a research web page  http://cics.umd.edu/sfr; http://cics.umd.edu/data

Background

This projectisto develop ATMS Snowfall Rate (SFR) algorithm and produce real -time SFR product for weather
forecast service. In the previous work, the ATMS Snowfall Rate (SFR) algorithm was developed and imple-
mented in a real-time system using satellite Direct Broadcast (DB) with latency less than 30 minutes. To
betterserve the weatherforecast, a satellite and radar merger SFR product was produced and delivered to
forecaster in near real-time.

Accomplishments

1. Improvement of SFR algorithm

From satelliteand radar SFR comparison, a negative bias was foundin satellite retrieved SFR. So the satel-
lite SFRwas recalibrated/validated using new Multi Radar Multi Sensor (MRMS) data. The Radar Quality
Index (RQI) was used to ensure only good data used. After the new adjustment, the SFR bias is greatly re-
duced, from-0.27 mm/hto -0.13 mm/h and the satellite and radar histogram are more consistent.

2. Development of the merge method

Generally, satellite observed snow is much high than
radar observation and snow falling speed is much
smaller comparing with raindrop. Therefore, if we
want to merge satelliteand radar SFR observation cor-
rectly, the time delays for snow falling from cloud to
near ground needto be considered. To quantify this ef-
fect, the lagged correlation was calculated using collo-
cated satellite and MRMS radar data. In Figure 1, with
about 30 minuteslag, the satelliteand radar have max
correlation and low RMSE error. So we decided to use
30 minutes time lagto merge satellite and radar data.  Figure 1: Lagged correlation between
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The satellite SFR is merged with radar data with satellite FOV unchanged. The main criteria to merge data
are that satellite SFRis added if radar does not show snow in that region; for the region radar shown no
snow but RQl is not good, once satellite confirm no snow, we consider no snow inthat region. One example
is shown in Figure 2. It is shown in Figure 2 that the satellite SFR is especially useful for maintain region as
we expected. Furthermore, the resolution difference can be seen in the zoomed areain plot (d).

Figure 2: Example of mSFR product. (a) MRMS radar SFR only; (b) ATMS SFR only;
(c) Merged SFR product; (d) Zoom in the snow region

3. Implementation of merge algorithmin real-time

The real-time merge system merges MRMS data that is every 2 minutes with ATMS and MHS SFR data that,
on average, is one pass per about two-hour for CONUS at mid-latitudes. We decided to produce mSFR for
every 10 minutes with the 30 minutes shift between satellite and radar. If there is satellite data available
during that period, mSFR product merges both data with the algorithm above; otherwise, mSFR only contains
radar data with our own flags.

4. SFR product assessment

The SFR and mSFR products were evaluated at six NWS Weather Forecast Offices (WFQOs) through collabora-
tion with NASA/SPoRT in winter 2015-2016. The products were generatedat CICS-MD using direct broadcast
data and provided to SPoRT at near real-time. SPoRT formatted the products into AWIPS and disseminated
to WFOs to be evaluatedin their operational environments. Forecasters feedback indicatedthat the SFR and
mSFR products are useful tools for weather forecast. The result of the assessment paves the way for the
ATMS SFR product to be operationalized at NOAA/NESDIS.

Products
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e MergedSatellite and Radar SFR product (mSFR)
e Real-time mSFR data processing system

Presentations

Dong, J., H. Meng, et al. Satellite Microwave Snowfall Rate Retrieval Algorithm, Cal/Val and Application,
CICS-MD Science Meeting, College Park, November 2015.

Meng, H., J. Dong, NESDIS SFR Trainings for six NWS Weather Forecast Offices, January 2016.

Performance Metrics
# of new or improved products developed (pleaseidentify below the table) 1
# of products or techniques submitted to NOAA for considerationin operations use 1
# of peer reviewed papers 0
# of non-peered reviewed papers 0
# of invited presentations 1
# of graduate students supported by a CICS task N/A
# of graduate students formally advised N/A
# of undergraduate students mentored during the year N/A

The satellite and radar merged product (mSFR) were developed, and a processing system were developed
to provide mSFR at nearreal-time to weatherforecasters.

92



Volume II: CICS-MD CICS Annual Report 2016

Development of the Satellite Sea-Surface Salinity Quality Monitor System

Task Leader Li Ren

Task Code LRLR_SSS-15
NOAA Sponsor Eric Bayler
NOAA Office NESDIS/STAR/ORS

Contribution to CICS Research Themes (%) Theme 1: 30%; Theme 2: 70%; Theme 3: 0%.

Main CICS Research Topic  Calibration and Validation

Contributionto NOAA goals (%) Goal 1: 25%; Goal 2: 0%; Goal 3: 75%;

Highlight We are developingthe Satellite Sea Surface Salinity Quality Monitor (4SQM) system. In this sys-
tem, satellite datawill be monitored for self- and cross-platform consistency, as well as consistency with in
situ data.

Link to a research webpage  star.nesdis.noaa.gov/socd/sss/4sqm

Background

This report summarizes the work from April 2015 to December 2015 the ongoing NOAA project entitled
“Development of the Satellite Sea-Surface Salinity Quality Monitor System”. Satellite data including SMOS
and Aqguarius are monitored for self- and cross-platform consistency, as well as consistency with in situ data.
Analyses of satellite SSS data and product quality examine the errors, biases, and trends to identify sensor
and algorithminadequacies and malfunctions, assess cross-platform consistency of products, diagnose arti-
ficial dependencies, and generate global difference maps. This effort will build and implement the Satellite
Sea-Surface Salinity Quality Monitoring (4SQM) System (http://www.star.nesdis.noaa.gov/socd/sss/4sqm/)

Accomplishments

The 4SQM systemincluding the seasurface salinity global maps, histograms, Hovomoller diagrams are com-
pleted in updating with the newly released V4.0 Aquarius data set. Both the Aquarius ADPSand CAP V4.0
sea-surface salinity products were compared with the SMOS and Argo data sets. On a zonal mean annual
mean sense, Aquarius ADPS best matches Argo in situ observations across all latitudes. The Aquarius data
sets experiencelarge positive differences from Argo dataforlatitudespoleward of 40°S/N, while SMOS data
has very large negative differences poleward of about 50°N. Allthree satellite data sets depict an unusual
abrupt large unexplained negative difference with respect to Argo data between 35°N-40°N (Figure 1).
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Figure 1: zonal mean annual-mean of SSS differences, ADPS minus Argo (blue), CAP minus Argo (green), and

the SMOS minus Argo (red).

Products
e Webpage www.start.nesdis.noaa.gov/socd/sss/4sqm

Presentations

e Ren, L. and E. Bayler, Satellite Sea-surface salinity Retrieval Dependencies, Ocean Science Meeting,
New Orland 02/2016.

e Bayler, E.and L. Ren, Variabilityand Uncertainty in satellite Sea-surface salinity observations, Ocean
Science Meeting, New Orland 02/2016.

Performance Metrics
# of new or improved products developed (pleaseidentify below the table) 0
# of products or techniques submitted to NOAA for considerationin operations use 1
# of peer reviewed papers 0
# of non-peered reviewed papers 0
# of invited presentations 2
# of graduate students supported by a CICS task N/A
# of graduate students formally advised 0
# of undergraduate students mentored during the year 0
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GEOG Task 10: GOES-R Active Fire/Hot Spot Characterization: Validation and Refinement
of GOES-R/ABI Fire Detection Capabilities

Task Leader  Wilfrid Schroeder

Task Code WSWS_ABI_15

NOAA Sponsor Jaime Daniels

NOAA Office NESDIS CenterforSatellite Applications and Research (STAR)

Contribution to CICS Research Themes (%) Theme 1: 70%, Theme 2: 30%

Main CICS Research Topic Calibration and Validation

Contributionto NOAA goals (%) Goal 1: 50%, Goal 2: 50%

Highlight This task describesthe GOES-R/ABI deep-dive active firevalidation tool. USGS/Landsat-8
reference fire dataset was published in 2015, alternative ESA/Sentinel-2 reference fire datatest being de-
veloped.

Background

The future GOES-R Advanced Baseline Imager (ABI)fire detection and characterization (FDC) algorithm
builds on the Wildfire Automated Biomass Burning Algorithm (WF-ABBA), which originated from GOES Visi-
ble Infrared Spin Scan Radiometer Atmospheric Sounder (VAS) dataapplications [Prinsand Menzel, 1992].
The WF-ABBA product provides routine detection and characterization of sub-pixel active fires, serving the
fire management community as well as the scientificcommunity. Consequently, WF-ABBAmust deliver
quality datawith well-characterized sources of errors.

Assessment of satellite active fire detection and characterization products requires simultaneous observa-
tionsinorderto reduce the effects of short-term variations in fire conditions [Csiszar and Schroeder, 2008].
Previous studies have used higher spatial resolution satellite data to validate moderate-to-coarse resolu-
tionfire products derived from sensors aboard the same orbital platform (e.g., Moderate Resolution Imag-
ing Spectroradiometer (MODIS) and Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) as well as on separate platforms by limiting the time difference between acquisitions (e.g, GOES
and Landsat Enhanced Thematic Mapper Plus (ETM+) [Schroederetal., 20083, b].

By adaptingthe validation methods developed for GOES and MODIS fire products to GOES-R/ABI data, this
project uses USGS/Landsat-8and ESA/Sentinel-2 reference fire datato assess and validate the ABI FDC al-
gorithm. The data processing routines are grouped into one software package describing the GOES-R/ABI
deep-dive active fire validation tool.

This projectis considered highly relevant to the GOES-R mission, as it will allow the refinement of ABI’s fire
detection product by means of algorithm fine-tuning usingindependent higher spatial resolution reference
data.

Accomplishments

Duringthis funding cycle we completed the development of the GOES-R/ABI deep-dive active firevalida-
tiontool and its documentation. Primary reference fire datasets were develop ed using anindependent fire
algorithm applied to USGS/Landsat-8 Operational Land Imager (OLI) data. That algorithm built on the herit-
age ASTER and Landsat-7/ETM+ fire algorithms providing 30 m resolution reference fire data. The Landsat-
8/0LlI fire algorithm/data were published online in a peer-reviewed journal [Schroeder etal., 2015].
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The deep-dive tool was successfully tested using Data Operations Exercise (DOE) GOES-R/ABI data proxy
files along with near-coincident Landsat-8/OLI reference fire data overselectlocations across the United
States. The GOES-R/ABI proxy data contained no active fires whereas clearland/water/cloud pixels were
successfully mapped tothe reference data (Figure 1).

Figure 1: Demonstration of the GOES-R/ABI deep-dive active fire validation tool using DOE proxy data and coinddent Landsat-8
imageryacquired on19June 2015 over part of Georgia/US. Backgroundimage shows Landsat-8/OLI RGB image (channels 7-5-2);
regulargrid describes the effective ABI pixel footprints (pixels are color-coded according to ABI fire product classification, black =
clearland, cyan=water pixel). No ABI fire pixels were found to coincide with the reference data. The lat/loninformation d escribes
the scene’s centerlocation (marked “x”).

In orderto reduce risks, an alternative reference datasetis being developed using ESA/Sentinel -2 Multi-
spectral Imager (MSI) data. Sample reference fire data were successfully generated for select Sentinel -
2a/MSl scenes acquired overthe United States and Africa using a modified version of the Landsat-8/OLI
fire algorithm. Near-coincident Landsat-8/OLI and Sentinel-2aimagery were selected and processed for
parts of Africa covering widespread fire activity (Figure 2). Those tests served to demonstrate the con-
sistency between the tworeference fire datasets.

Planned work

Continue development of Sentinel-2a/MSI reference fire data set, apply GOES-R/ABI deep-dive active fire
validation tool to pre-launch FDC proxy data based on Advanced Himawari Imager (AHI) inputs and post-
launch GOES-R/ABI data. Generate preliminary FDC fire detection data performance metrics and use re-
sults to support FDC algorithm refinement/tuning.
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Figure 2: Near-coincident (16 min apart) observation of active fires in Africa using 30 m Landsat-8/OLland 20 m Sentinel-2a/MSI|
data acquired on 27 December 2015. Top panel: Landsat-8/0OLI subset, middle panel: Sentinel-2a/MSI subset, bottom panel: active
fire detection masks derived from Landsat-8/0LI (red) and Sentinel-2a/MSI (green) fire algorithms applied to data subsets (center

coordinate: 9923’ N 03232’ W).
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Publications
Schroeder, W., Oliva, P., Giglio, L., Quayle, B., Lorenz, E., and Morelli, F. (2015). Active fire detection using
Landsat-8/OLI data. Remote Sensing of Environment, doi: 10.1016/].rse.2015.08.032.

Products

Active fire detection algorithm developed for Landsat-8/0OLI data. Product being generated routinely for
the Conterminous United States by the U.S. Department of Agriculture Remote Sensing Applica-
tions Center (RSAC) in Salt Lake City/UT.

References

Csiszar, |., and Schroeder, W. (2008). Short-term observations of the temporal development of active fires
from consecutive same-day ETM+ and ASTER imagery in the Amazon: Implications foractive fire
productvalidation. /IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sens-
ing, 1(4), 248-253.

Prins, E.,and Menzel, P. (1992). Geostationary satellite detection of biomass burningin South America. In-
ternationallournal of Remote Sensing, 13, 2783-2799.

Schroeder, W., Prins, E., Giglio, L., et al. (2008a). Validation of GOES and MODIS active fire detection using
ASTER and ETM+ data. Remote Sensing of Environment, 112, 2711-2726.

Schroeder, W., Ruminski, M., Csiszar, |., et al. (2008b). Validation analyses of an operational fire monitoring
product: The Hazard Mapping System. InternationalJournal of Remote Sensing, 29(20), 6059-6066.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

C|lO0O|OC(OC|O|R|([O]| K

# of undergraduate students mentored during the year

New active fire detection algorithm developed for Landsat-8/OLI data. Product being generated by the U.S.
Department of Agriculture Remote Sensing Applications Center (RSAC) in Salt Lake City/UT.
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Lunar and Stellar Calibration for GOES-R Advanced Baseline Imager (ABI) in support of the Cali-
bration Working Group

Task Leader  Xi Shao

Task Code XSXS_ABI_14

NOAA Sponsor Changyong Cao

NOAA Office  NOAA/NESDIS/STAR

Contribution to CICS Themes (%) Theme 1: 80%; Theme 2: 20%; Theme 3: 0%.
Main CICS Research Topic Calibration and Validation;

Contribution to NOAA Goals (%) Goal 1: 20%; Goal 2: 80%

Highlight: CICS scientists support Calibration and Validation work for GOES-R Advanced Baseline Imager (ABI)
instrumentthrough lunar calibration, stellarcalibration, and Imagery Navigation and Registration (INR)
of GOES-R ABI.

Background

The Geostationary Operational Environmental Satellite-R Series (GOES-R) satellite will provide continuous
imagery and atmospheric measurements of Earth’s western hemisphere and space weather monitoring. The
Advanced Baseline Imager (ABI) is the primary instrument on GOES-R for imaging Earth’s weather, climate,
and environment. ABI will be able to view the Earth with 16 different spectral bands, including two visible
channels, four near-infrared channels, and ten infrared channels. The ABI has two main scan modes. The
continuous full disk mode will provide uninterrupted scans of the full disk every 5 minutes, while the flex
mode will concurrently allow full diskimagery every 15 minutes, the continental USevery 5 minutes,and a
mesoscale region as often as every 30 seconds. The requirement for the ABI calibrationisto an accuracy of
3% (10) reflectance forvisible and near-infraredwavelengths. Forinfrared channels, the ABl will be accurate
to 1K (1 o) at 300K.

Instrument calibration, characterization, and validation are essential to GOES-R mission success and the pro-
duction of high-quality data products. To ensure the mission requirements are met, the ABI sensor radio-
metric calibration will utilize onboard calibration devices, including a solar diffuser (SD) for solar ref lective
channels and a blackbody for the infrared bands. Due to the partial aperture used on GOES-R for solar dif-
fuser (SD) calibration and no on-board SD stability monitor, the in-flight calibration process will also make
extensive use of views of the Moon and stars. We will perform lunar and stellar calibration and support
imagery navigation and registration (INR) for GOES-R ABI. Our work prepares for post-launch testing (PLT),
on-orbit verification and long-term monitoring of instrument performance of GOES-R ABI.

Accomplishments
Our work to support calibration and validation work for GOES-R Advanced Baseline Imager (ABI) instrument
can be summarized as following.

99



Volume II: CICS-MD CICS Annual Report 2016

1. Selenographiccoordinate mapping of lunar observation by GOESimager
Radiometric stability of the lunar surface, its lack of atmosphere and smooth reflectance spectrum makes
the moon an ideal target for calibrating satellite-based multi-band imagers. Lunar calibration for solar bands
has been an important part of trending the radiometric performance of GOES imager. The lunar disk-equiv-
alentirradiance has been often used to trend the on-orbit degradation of the GOES imager and its perfor-
mance is largely affected by the uncertainties embedded in the lunar irradiance model in characterizi ng its
dependence on lunar phase and libration. On the other hand, the lunar view by GOES imager provides op-
portunity to performradiometriccalibration of GOES imager usinglunar radiances of selected locations on
the moon. Inordertodo so, lunarobservations by GOES need to be mapped onto selenographic coordinate,
i.e.latitude and longitudein moon-centered coordinate. In our work, algorithms and procedures are devel-

oped to map lunar images observed by GOES onto selenographic coordinate. Results are publishedin SPIE
conference proceeding.
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Figure 1: (a) Lunar image observed by with boundary marked with red contour line; (b) The processed lunarimage after
applying skewed saw-tooth boundary correction. (c) unfolded lunar image in Longitude/180-r coordinate; (d) Cross-
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correlation map calculated between the template in (b) and lunar imagein (c). (e) Lunar image mapped onto seleno-
graphic Y-Z coordinate. (f) Lunar measurement (trend-corrected DC) by GOES-12 Imager vs. lunar phasefor 6 selected
ROIs.

2. Lunar radiance model development to support lunar calibration of GOES-R ABI

Lunar observations of GOES-12 are processed to construct lunar radiance model and regions of interest
(ROIs) are identified. A total of 44 lunar observations by GOES-12 Imager with |lunar phase| less than 50
degree have been processed and mapped onto selenographic coordinate. Six ROls on moon surface were
selected and characteristic trend-corrected lunar data over these ROIs were extracted. The characteristic
dependence of lunar measurement over ROIs vs. lunar phase angle was investigated (Figure 1f). Our study
shows strong dependence of trend-corrected lunar data on moon phase and the dependence is asymmetric
between waxing and waninglunar phase. This suggests that accurate knowledge of BRDF of lunar surface is
importantintrending radiometric performance of GOES Imager with lunarradiance. Since lunarimages ob-
served by GOES can have different view geometry, different lunar phase, and there are uncertaintiesin the
observation and mapping. This supports lunar calibration of GOES-R ABI.

3. Support ground-based lunar observation at UMD Astronomical Observatory to assess polari-
zation effects on lunar irradiance model

In viewing that the imaging instrument on GOES-R ABI can be prone to polarized light, we per-
formed lunar polarization measurement. We have worked with L-1 Standards and Technology and
modified a reflector telescope and replaced the second mirror with an automated polarization fil-
ter. By mounting polarizer filter to telescope, controlling the rotation of the polarizer, and record-
ing spectral radiance of moon with ASD spectrometer, we are able to record the lunar irradiance
at different polarization as observed at ground. This helps us to assess the effect of polarization
on the lunar irradiance model and therefore improve the lunar irradiance model to better support
post-launch calibration of GOES-R ABI using the moon. Figure 2 shows such kind of activities.
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Figure 2: Lunar observation with NOAA/NESDIS/STAR scientists at UMD Astronomical Observatory.

4. Evaluation of Himawari AHI Geospatial calibration using SNPP VIIRS SNO data

Japan Meteorological Agency (JMA) Himawari-8 Advanced Himawari Imager (AHI) is the firstin the series
of next-generation geostationary (GEO) weatherinstruments. It has 16spectral solarreflective and emissive
bands locatedinthree focal plane modules (FPM): one visible and near-infrared (VNIR) FPM, one midwave
infrared (MWIR) FPM, and one longwave infrared (LWIR) FPM. Our study evaluated the navigation and co-
registration accuracies of three AHI bands from the three FPMs using the simultaneous nadir observations
(SNO) of SNPP-VIIRS I-band images. The preliminary results showed that the navigation difference between
the two instruments is within 0.3 AHI pixels at 2km spatial resolution. The band-to-band co-registration
(BBR) differenceis within 0.5 AHI pixels, yet the BBR difference between the two thermal bands is generally
less than 0.2 pixels, better than the difference between the AHI VNIR and IR bands which ranges between
0.2 to 0.7 pixels during the study period. This work supports post-launch INR validation of GOES-R ABI.

5. Support the development and maintenance of GOES-RABI Calibration Working Group (CWG)
webpage
The webpage (http://ncc.nesdis.noaa.gov/GOESR/index.php) has the information and documentsfor GOES-
R ABI such as ABI spectral response function, calibration parameters, SNO predictions, Cal/Val sites, lunar
events, stellar radiometric trending, presentation, ABI ATBD and, collaboration activities with JMA.

6. We acquired and maintained two 20TB data severs to support processing, archiving and
backup of public data for calibration of GOES-R ABI

Planned Work:

We will continue to support calibration and validation work for GOES-R Advanced Baseline Imager (ABI)
through
e Support lunar calibration for GOES-R ABI through
0 Analysis of Himawari-8 AHI lunar observation data
0 Ground-based lunar observation at University of Maryland Astronomical Observatory
0 Development of Lunar radiance model
e Develop tools to support radiometric calibration for GOES-R ABI through
0 Cross-comparison of stellar radiometric trending with calibration from other methods such
as lunar, solar diffuser and using other satellites
e Develop tools to support Imagery Navigation and Registration (INR) of GOES-R ABI through
0 Solar avoidance zone prediction for ABl swaths
O Line of sight calculation with orbit motion compensation in fixed grid for ABI
e Supportdevelopmentand maintenance of GOES-R ABI Calibration Working Group (CWG) webpage

Publications: (Non-peer reviewed)

1. XiShao, Xianggian Wu, Fangfang Yu, "Selenographiccoordinate mapping of lunar observations by
GOES imager", in Sensors, Systems, and Next-Generation Satellites XIX, Roland Meynart; Steven P.
Neeck; Haruhisa Shimoda, Editors, Proceedings of SPIE Vol. 9639 (SPIE, Bellingham, WA 2015),
963918.

102


http://ncc.nesdis.noaa.gov/GOESR/index.php

Volume II: CICS-MD CICS Annual Report 2016

2. VYu, F.,X.Wu, and X. Shao, 2015. Photometricproperties at selected lunar surface for GOES-R ABl solar
reflective channels using SELENE/SP data, EUMETSAT Met. Sat. Conf., Toulouse, France, 21-25 Sept.
2015.

3. Datla, R.; Shao, X.; Cao, C.; Wu, X. Comparison of the Calibration Algorithms and Sl Traceability of
MODIS, VIIRS, GOES, and GOES-R ABI Sensors. Remote Sens. 2016, 8, 126.

Presentations:

1. XiShao, Xianggian Wu & FangfangYu, Selenographic Coordinate Mapping of Lunar Observations by
GOES Imager, NOAA Satellite Conference, Greenbelt, MD, April 27 - May 1, 2015.

2. XiShao, Yan Bai, Changyong Cao, Field Campaign Support Capabilities at University of Maryland, STAR
JPSS 2015 AnnualScience Meeting, College Park, MID, August 24-28,2015.

Products:
GOES-R ABI web page: http://ncc.nesdis.noaa.gov/GOESR/index.php

Performance Metrics

Performance Metrics

# of new orimproved products developed 1

# of products or techniques transitioned from research to ops following NOAA guidance | 0

# of peer reviewed papers 1
# of non-peered reviewed papers 2
# of presentations 2
# of graduate students supported by a CICS task 0
# of graduate students formally advised 0
# of undergraduate students mentored during the year 1
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J1-VIIRS and SNPP-VIIRS Calibration Support

Task Leader  Xi Shao

Task Code XSXS_J1VI_15

NOAA Sponsor Changyong Cao

NOAA Office NOAA/NESDIS/STAR

Contribution to CICS Themes (%) Theme 1: 90%; Theme 2: 10%; Theme 3: 0%.
Main CICS Research Topic Calibration and Validation;

Contribution to NOAA Goals (%) Goal 1: 20%; Goal 2: 80%

Highlight: CICS scientists provide prelaunch science support for JPSS-1(J1) VIIRS instrument through support
J1-VIIRS SDR look-up-tables (LUTs) preparation/testing/validation, analysis of J1-VIIRS DNB scan mode
change due to DNB nonlinearity and support J1-VIIRS TEB band calibration/calibration.

Background

JPSS-1(J1)isthe second spacecraft withinNOAA's next generation of polar-orbiting satellites. Itis scheduled
to launchinearly 2017. The primary objectives of the J1 missionis to provide a continuation of the group of
Earth system observationsinitiated by the Earth Observing System Terra, Aqua, Aura, and Suomi-NPP mis-
sions. VIIRS (Visible Infrared Imaging Radiometer Suite) onboard J1is designed to provide moderate-resolu-
tion, radiometrically accurate images of the globe twice daily. It collects visible and infrared imagery and
global observations of land, atmosphere, cryosphere and oceans. Similarto SNPP VIIRS, J1-VIIRS has 22 spec-
tral bands coveringthe spectrum between 0.41 um and 12 pm, including 14 reflective solar bands (RSB), 7
thermal emissive bands (TEB), and 1 day-nightband (DNB).J1-VIIRS generates many critical environmental
products about snow and ice cover, clouds, fog, aerosols, fire, smoke plumes, dust, vegetation health, phy-
toplankton abundance and chlorophyll.

Ourteam at University of Maryland has beensupporting Sensor Data Record (SDR) calibrationand validation
of SNPP VIIRS instrumentsince its launch. As a continuation of our support for the calibration/validation of
SNPP VIIRS, we will provide critical supportforthe SDR calibration/validation of J1-VIIRS to ensure the suc-
cess of J1-VIIRS. To ensure that the J1-VIIRS mission requirements are met, we will provide expertise/tech-
nical support for J1-VIIRS SDR look-up-tables (LUTs) preparation/testing/validation, for analysis of J1-VIIRS
DNB scan mode change due to DNB nonlinearity. We will also supportJ1-VIIRS TEB band calibration/calibra-
tion and calibration of J1-VIIRS SWIR band nonlinearity.

Accomplishments

We supported the J1 VIIRS calibration in a broad scope by

1. Support J1-VIIRS SDR look-up-tables (LUTs) preparation/testing/validation

a. We supported characterization of pre-launch response versusscan angle (RVS)forJ1VIIRS.Char-

acterization of pre-launch VIIRS RVS was performed using 3 sources: the Laboratory Ambient
Blackbody (LABB) as a target for TEBs, a 100 cm Spherical Integrating Sources (S1S-100) for the
RSBs and the OBCBB as an ambient blackbody for background subtraction purposes. We ana-
lyzed FP-10Part 1 Data (ElectronicSide A) and retrieved the VIIRS Raw Data Record (RDR) for EV
and three Calibration View Data (including BB, SD, and SV) as a series of Application Identifica-
tion (APIDs) with 1 APID per band. These analysis supported J1 RVS LUT development.
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b. We comparedthe LUTsincluding OBCBB Emitted Radiance, OBCBB Reflected Radiance, Radiance
to Effective Blackbody Temperature (EBBT), HAM Emitted Radiance, and RTA Emitted Radiance
forversion 8.8 and 8.10 between J1 VIIRS and S-NPP VIIRS.

c. We supported J1VIIRS LUTs generation by analyzing parameters in Common Geolocation LUT
and South Atlantic LUT.

d. We supported AIT LUTs/ADL code update package delivery and tested ADL4.2 using updatedJ1
LUTs.

e. Wesupported ADLimplementation on GTMfor EDR NCC productsto help withthe ADLcode re-
delivery related to interpolation rectangles.

f. We supported comparison between ADL Block 2 (version 5.2) results and IDPS results (ADL
version 4.2).

1.
Performed assessment on bow-tie deletion restoration for VIIRS M bands by replacing the deleted
radiance values using the radiance at the nearest pixel.
2.
Supported preparation of J1 VIIRS Cal/Val plan and presented the plan in JPSS annual conference.

Support analysis of J1-VIIRS DNB scan mode change due to DNB nonlinearity
a. Developed software for mapping global DNB night time data with negative radiance.
b. Tested modified ADLcode with DNB aggregation mode changes and assessthe performance of
DNB radiometric and geolocation calibration and validation
c. Performedassessmentof scan-angle dependent radiometric bias of Suomi-NPP VIIRS day/night
band from night light point source observations
d. Performed preliminary study for improving the VIIRS DNB low light calibration accuracy with
ground based active light source
e. Performed analysis on mitigating JPSS J1 VIIRS DNB performance shortfalls with expanded
Cal/val
f. Performed assessment of J1 VIIRS DNB waiver validation readiness
4.
Performed analysis of aggregating (with and without Line Spread Function) VIIRS I3 products and com-
parison with M10 data. We analyzed scenarios of snow and night fire to support feasibility assessment
of adding a water vapor band to VIIRS in the future. Water vapor observation at channels with central
wavelength around 6.5um is of greatimportance in weatherforecasting and climate change detection,
such as in MODIS, GOES, and GOES-Rseries of satellites. The VIIRS has 22 bands, however, does not have
a watervapor sensing band, and the current VIIRS design cannot make space for additional band. Since
the high resolution(375m) imagery band 103 and moderate resolution (750m) band M10, have very sim-
ilar Spectral Response Functions centered at 1.61 um, it is possible to replace M10 observations with
that from 103 to make space for a new water vapor band. However, the impact of removing M10 on
different users should be assessed thoroughly. In this study, we examined the VIIRS Sensor Data Record
(SDR) dataset and compared the radiance from M10 and aggregated 103 (to M10) with different earth
observations. It provides an early assessment of the feasibility of aggregating i03 to m10 in order to
replace the m10 with a water vapor band.
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Figure 1: Scatter plots of aggregated 103 radiance and M10 radiance from three locations (land, ocean,
snow/ice). Blue colorrepresents clouds; red dots are clear sky; green dots are snow/ice. Note the scales are
different. Mean absolute difference (MAD) of radiance between |03 and M10 are labeledinthe figure. The
unitis: W/m2/sr/um.

6.

Performed TEB band calibration and validation with LBLRTM modeling. We assessed the effects of SNPP
VIIRS M15/M16 detectorradiometricstability and relative spectral response variation on striping using
Line-by-Line Radiative Transfer Model (LBLRTM). To cover a range of environment conditions for evalu-
ating TEB calibration and SST striping, we selectedsites under various atmospheric conditions to perform
simulations using LBLRTM.

Performed analysis of onboard blackbody(BB) PRT temperaturedistributionof VIIRS to find the possible
root causes of striping. We have analyzed VIIRS earth view data with several striping index methods.
Analysis of Variance test shows that the noise alongtrack directionisthe major reason for striping. We
alsofound evidence of correlation between SD and BB for detector 1 in band M15. Digital Count Re sto-
ration (DCR) and detector instability are possibly related to the striping in SD and EV data, but further
analysisis needed. These findings can potentially lead to further SDR processing improvements. For ex-
ample, Figure 2 indicates the variations of BB-SV (i.e., dBB) along track and along scan directions for
detector 2in band M15. There are 48 samples and 72 scans for three granules. The patterns are more
consistentalongscan. The variation alongtrackis much largerthan that along scan, which suggests that
itis an important factor causing the striping pattern. Results are published in journal paper.
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Figure 2: Variations of BB-SV (i.e., dBB) along track and along scan for detector 1in M15.

Planned Work
We will continue to perform the following work to support calibration and validation for J1 VIIRS.
e Support J1-VIIRS SDR look-up-tables (LUTs) preparation/testing/validation
0 Validate the LUTs with updated ADL code
0 Develop tools to support updating LUTs in operation for J1-VIIRS SDR
0 Provide analysis of the VIIRSSDR processing codes in IDPS and ADL to ensure their correct
implementations in operation.
e Support analysis of J1-VIIRS DNB scan mode change due to DNB nonlinearity
0 Test modified ADL code with DNB aggregation mode changes and assess the performance
of DNB radiometric and geolocation calibration and validation
0 Provide analysis to ensure correct implementation of scientific algorithms and calibration
procedures for DNB aggregation mode change in operation.
e SupportJ1-VIIRSTEB band calibration/calibration
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Publications:
Peer-Reviewed:
1. ZhuoWang and Changyong Cao. Assessing the Effects of Suomi NPP VIIRS M15/M16 Detector Radi-
ometricStabilityand Relative Spectral Response Variation on Striping. Special Issue of Remote Sens-
ing, 2016, 8, 145, doi:10.3390/rs8020145.

Non-Peer-Reviewed:

1. ChangyongCao, YugingZong, Yan Bai, Xi Shao, "Preliminary study forimprovingthe VIIRS DNB low
light calibration accuracy with ground based active light source", in Earth Observing Systems XX,
James ). Butler; Xiaoxiong (Jack) Xiong; Xingfa Gu, Editors, Proceedings of SPIE Vol. 9607 (SPIE, Bel-
lingham, WA 2015), 96070D.

Presentations:

1. CaoC,WangW, LeeS, ShaoX and Bai Y, Mitigating JPSSJ1 VIIRS DNB Performance Shortfalls with
Expanded Cal/Val, 2015 AGU Fall Meeting, San Francisco, CA (2015).

2. XiShao, Yan Bai, and Changyong Cao, J1 VIIRS DNB Waiver Validation Readiness, STARJPSS 2015
AnnualScience Meeting, College Park, MD, August 24-28, 2015.

3. XiShao, Changyong Cao, Mitch Schull, and Wenhui Wang, Cal/Val Plan and Field Campaign Prepa-
ration, STARJPSS 2015 AnnualScience Meeting, College Park, MD, August 24-28, 2015.

4. ZhuoWang and Changyong Cao, Suomi NPP VIIRS Striping Analysis using Radiative Transfer Model
Calculations and Satellite Data Analyses. American Geophysical Union (AGU) Fall Meeting, San
Francisco, CA. 14-18 December, 2015.

Others:

Award: Yan Bai, Bin Zhang and Xi Shao received 2015 NOAA NESDIS Award for achieving significant ad-
vancesin critical areas of Visible Infrared Imaging Radiometer Suite Day/Night Band development, includ-
ing JPSS-1waiver mitigation, operational straylight correction, and geolocation capability development and
validation.

Performance Metrics

# of new or improved products developed 0
# of products or techniques submitted to NOAA for consideration in operations use 0
# of peer reviewed papers 1
# of non-peered reviewed papers 1
# of presentations 4
# of graduate students supported by a CICS task 0
# of graduate students formally advised 0
# of undergraduate students mentored during the year 0
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Support of SNPP VIIRS SDR Calibration and Team Management/Coordination

Task Leader  Xi Shao

Task Code XSXS_SNPP_15

NOAA Sponsor Changyong Cao

NOAA Office NOAA/NESDIS/STAR

Contributionto CICS Themes (%) Theme 1: 90%; Theme 2: 10%; Theme 3: 0%.

Main CICS Research Topic Calibration and Validation;

Contribution to NOAA Goals (%) Goal 1: 20%; Goal 2: 80%

Highlight: CICS scientists provides operational science support for Suomi-NPPVIIRS instrument through sup-
port radiometriccalibration of VIIRS reflective solar bands by trending withlunar band ratio, vicarious meth-
ods and developing physics-based model of spectral dependent degradation of VIIRS solar diffuser; perform
DNB stray light correction assessment with DNB observation under moon-light; support DNB radiometric
and geolocation validation with nightlight sources and support VIIRS SDR team management and
coordination.

Background

The Suomi-NPP satellite was successfully launched on October 28, 2011. VIIRS (Visible Infrared Imaging Ra-
diometer Suite) onboardthe Suomi-NPP satellite is designedto provide moderate-resolution, radiometrically
accurate images of the globe twice daily and primarily focus on clouds, Earth surface variables, Sea Surface
Temperature (SST)and Imagery. It has 22 spectral bands covering the spectrumbetween 0.412 um and 12.01
um, including 14 reflective solar bands (RSB), 7thermal emissive bands (TEB), and 1 day-night band (DNB).

The VIIRS instrument has undergone a period of intensive calibration/validation and the instrument on -orbit
performances are stable. Forthe RSBs, the calibration uncertainty in spectral reflectance fora scene at typ-
ical radiance is expectedto be lessthan 2%. For DNB, when the Suomi-NPP moves from day to night inthe
northern hemisphereand from nightto dayin the southern hemisphere, stray light occurs and contaminates
the DNB imagery and straylight correction are required. To meet these requirements, We support radio-
metric calibration for VIIRS through vicarious calibration of VIIRS RSB bands, assessment of VIIRS stability
through comparing lunar, solar diffuser and vicarious calibration, inter-satellite calibration between VIIRS
and instrument on other satellite, investigating effects of space radiation on VIIRS stability (SDSM spectral
degradation), and performing lunar calibration for VIIRS. We will also support the assessment of DNB stray
light correction.

The work help to ensure the production of high quality radiometrically and geometrically corrected sensor
data records for Suomi-NPP VIIRS; update and improve SNPP VIIRS calibration and validation; establishand
maintain S| traceability for SNPP/JPSS VIIRS, reduce their measurement uncertainties, and assure data
quality with best calibration practices.

Accomplishments

We supported the Suomi-NPP VIIRS calibration in a broad scope by:

1. Performed comparison of the calibration algorithms and SI Traceability of MODIS, VIIRS, GOES, and
GOES-RABI sensors. The radiometric calibrationequationsfor the thermal emissive bands (TEB) and the
reflective solarbands (RSB) measurements of the earth scenes by the polar satellitesensors, (Terra and
Aqua) MODIS and Suomi NPP (SNPP VIIRS), and geostationary sensors, GOES Imager and the GOES-R
Advanced Baseline Imager (ABI) are analyzed towards calibration algorithm harmonization on the basis
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of Sl traceability. The calibration methodologies of these satellite optical sensors are reviewed in light of
the recommended practice for radiometric calibration at the National Institute of Standards and Tech-
nology (NIST). The operational and calibration features of the sensors for on-orbit observation of radi-
ance are also compared in tabular form. Results are published in a journal paper.

Performed radiometric stability monitoring of the Suomi-NPP VIIRS RSBs using the moon. The lunar
calibration coefficients and lunar F-factor are calculated by taking the ratio of the lunar observed radi-
ance to the simulated radiance from the Miller and Turner (MT) lunar model for scheduled lunar obser-
vations by VIIRS. The lunar F-factor is also validated against that derived from the VIIRS Solar Diffuser
(SD). The MT model-based lunar F-factorsin general agree with SD F-factors. The Lunar Band Ratio (LBR)
isalsoderived fromtwo channellunarradiances andisimplemented in the NOAA Integrated Calibration
and Validation System (ICVS) to monitorthe VIIRS long-term radiometric performance. LBRs agree with
the SD based F-factor ratios within one percent (Figure 1). Based on analysiswith these two independent
lunar calibration methods, SD-based and LBR-based calibrations show a lifetime consistency. Thus, itis
recommended that LBR be used for both VIIRS radiometriccalibration and lifetime stabi lity monitoring.

F—factor ratios and best fitting scaled LBR

Symbals are from Lunar Band Ratio (LBR)
Lines are from Solar Diffuser (SD) F-factors

Ll
* [ 15 = M+
- S S ECEEEEEEZELE
= = O d T T D R o

=

L ik

2
L= H .. ”
E% ey KK KK 5 b o
! e
e : ot o e g —
_ll* A
-K i H
I H . W M XN W R -
1.0 f:-l.;gﬁ oY 1.1 N MEananans- - - -Bb g goge- - -
5 “F#‘E‘%ara H&iﬁﬁa 1; &é iy oy S —
E 2012 : N (-
0 :ICICI IGDD 1500

Days from 11/8/2011

Figure 1: Evolution of VIIRS solardiffuserand lunar F-factors forall of VIIRS reflective solar bands.

3.

Developed physics-based model to trend spectral dependent degradation of the solar diffuser on Su-
omi-NPP VIIRS due to surface roughness-induced Rayleigh scattering. The VIIRS onboard SNPP uses a
solardiffuser(SD) asits radiometric calibrator forthe reflective solar band calibration. On -orbit changes
in VIIRS SD reflectance as monitored by the Solar Diffuser Stability Monitor showed faster degradation
of SD reflectance for0.4 to 0.6 um channels than the longer wavelength channels. Analysis of VIIRS SD
reflectance data show that the spectral dependent degradation of SD reflectance in short wavelength
can be explained with a SD Surface Roughness (length scale << wavelength) based Rayleigh Scattering
(SRRS) model due to exposure to solar UV radiation and energetic particles. The characteristic length
parameter of the SD surface roughness is derived from the long term reflectance data of the VIIRS SD
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and it changesat ~tens nanometerlevel overthe operational period of VIIRS (Figure 2). This estimated
roughnesslength scaleis consistent with the experimental result. This novelapproach allows us to better
understand the physical processes of the SD degradation.

Figure 2: Modeling of Suomi-NPP VIIRS solar diffuser spectral reflectance with the Surface Roughness-in-
duced Rayleigh Scattering (SRRS) reflectance correction model at several instants during the operation of
VIIRS. Inset: Trending of characteristic parameter growth of VIIRS solar diffuser surface roughness.

4.

Performed assessment of straylight correction performance for VIIRS day/night band using Dome-C
and Greenland under lunar illumination. The straylight effect was observed in the DNB band which
appeared as gray haze in radiance images. Straylight correction techniques have beenimplemented to
remove this effect. This study presented an effective method to assess performance of straylight
correction for VIIRS DNB band using DNB observations over Dome Cin the Antarctic and Greenland in
the Arcticunderlunarillumination. Through cross-comparison between lunar-phase dependence of DNB
observations of events with straylight correction and those without straylight, the quality of straylight
correction has been assessed. Using this method, DNB radiance datafrom two different sources, i.e.the
NOAA IDPS and the NASA Land PEATE, are compared for their performance in straylight correction.

Performed comparison of Suomi-NPP VIIRS and Himarwari-8 AHI MWIR observations for hot spot

and heat island studies.

Performed assessment of scan-angle dependent radiometric bias of Suomi-NPP VIIRS day/night band
from night light point source observations.

Support VIIRS SDR team management and coordination
a. Organizeand archive weekly and monthly status reports.
b. Update VIIRS event database and knowledge-base.
c¢. Documentthe VIIRS sensor status, calibration and validation progress, and the recommenda-
tion on the VIIRS sensoroperation, software change, and look-up table update to NPP/JPSS
management.
d. Maintain computer server at UMD for VIIRS data processing for the VIIRS SDR team
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Publications:
Peer-Reviewed:

1.

Choi, T.; Shao, X.; Cao, C.; Weng, F. RadiometricStability Monitoring of the Suomi NPP Visible Infra-
red Imaging Radiometer Suite (VIIRS) Reflective Solar Bands Using the Moon. Remote Sens. 2016, 8,
15.

Datla, R.; Shao, X.; Cao, C.; Wu, X. Comparison of the Calibration Algorithms and S| Traceability of
MODIS, VIIRS, GOES, and GOES-R ABI Sensors. Remote Sens. 2016, 8, 126.

Meng Fei, Xin Jinyuan, Cao Changyong, Shao Xi. Seasonal variations of aerosol optical thicknessover
eastern China determined from VIIRS and ground measurements, International Journal of Remote
Sensing., Accepted, 2016.

Shao, X.; Cao, C.; Liu, T.-C. Spectral Dependent Degradation of the Solar Diffuser on Suomi-NPP VIIRS
Due to Surface Roughness-Induced Rayleigh Scattering. Remote Sens. 2016, 8, 254.

Wang, Likun, Denis Tremblay, B. Zhang, Yong Han, 2016. Fast and Accurate Collocation of the Visible
Infrared Imaging Radiometer Suite Measurements with Cross-track Infrared Sounder. Remote Sens-
ing, 8(1), 76, doi: 10.3390/rs8010076.

Non-Peer-Reviewed:

1. ShiQiu, Xi Shao, Changyong Cao, Wenhui Wang, Vicarious validation of straylight correction for
VIIRS day/night band using Dome-C. Proc. SPIE 9607, Earth Observing Systems XX, 96072H (Sep-
tember 8, 2015);

Presentations:
1. ShiQiu, Xi Shao, Changyong Cao & Wenhui Wang, Vicarious validation of straylight correction
for VIIRS Day/Night Band using Dome-C, NOAA Satellite Conference, Greenbelt, MD, April 27 -
May 1, 2015.
2. Yan Bai, Changyong Cao, Xi Shao, Assessment of scan-angle dependent radiometric bias of Su-
omi-NPP VIIRS day/night band fromnightlight point source observations, STARJPSS 2015 Annual
Science Meeting, College Park, MD, August 24-28,2015.
3. Shao X, CaoC, Liu T-C, Zhang B, FungS and Sharmas, Radiometric Quantification of Aurora Ac-
tivities during Severe Geomagnetic Storms from SNPP VIIRS Day-Night Band Observations, 2015
AGU Fall Meeting, San Francisco, CA (2015).
Others:

Award: Yan Bai, Bin Zhang and Xi Shao received 2015 NOAA NESDIS Award for achieving significant ad-
vances in critical areas of Visible Infrared Imaging Radiometer Suite Day/Night Band development, includ-
ing JPSS-1waiver mitigation, operational straylight correction, and geolocation capability development and
validation.

PERFORMANCE METRICS

Performance Metrics

# of new or improved products developed 0
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# of products or techniques submitted to NOAA for consideration in operations use 0
# of peer reviewed papers 5
# of non-peered reviewed papers 1
# of presentations 3
# of graduate students supported by a CICS task 0
# of graduate students formally advised 0
# of undergraduate students mentored during the year 0
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GOES-R Near-Surface Unmanned Aircraft System (UAS) Feasibility Demonstration Study

Task Leader Xi Shao

Task Code XSXS_UAS_15

NOAA Sponsor Changyong Cao

NOAA Office NOAA/NESDIS/STAR

Contribution to CICS Research Themes (%) Theme 1: 90%; Theme 2: 10%; Theme 3: 0%
Main CICS Research Topic Calibration and Validation;

Contribution to NOAA goals (%) Goal 1: 20%; Goal 2: 80%

Highlight CICS scientists provide science, engineering and testing support for GOES-R near-surface Un-
manned Aircraft System (UAS) feasibility demonstration study. In particular, this project supports GOES-R
near-surface UAS design, performs hardware procurement for the prototype UASs, and supports the inte-
gration, initial testing and field campaign planning of GOES-R UAS.

Link to a research web page

Background

The Geostationary Operational Environmental Satellites —R Series (GOES-R) is the next generation of geo-
stationary Earth-observing systems. The advanced spacecraft and instrument technology employed by the
GOES-R series will provide significant improvements in the detection and observations of environmental
phenomenathatdirectly affect publicsafety, protection of property and our nation’s economic health and
prosperity. The first satellite in the GOES-R series is scheduled for launch in 2016. Instrument calibration,
characterization, and validation are essential to GOES-R mission success and the production of high-quality
data products. The Advanced Baseline Imager (ABI)is a criticalinstrument onboard GOES-R and was designed
to provide high quality data with radiometric uncertainties within 5% for the Reflective Solar Bands (RSB),
and within 1K forthe Thermal Emissive Bands (TEB). Unlikethe heritage GOES imagers the Sltraceability of
ABI was established during pre-launch testing.

As part of the comprehensive GOES-R ABI post-launch validation activities, a GOES-R field campaign is
plannedto supportthevalidation of ABI L1b & L2+ products. In particular, the campaignis focused to provide
an independentvalidation of the Sl traceability of ABI L1b spectral radiance observations, as well as, provide
surface and atmospheric geo-physical measurements in support of L1b & L2+ product validation. Current
operational validation capabilities to collect high quality reference observations of extended areas and sur-
face bi-directional reflectance distribution function (BRDF) overregions comparableto environmental satel-
lite observationsare very limited. Given the recent technological advance of low-cost commercially available
Unmanned Aerial Vehicles (UAV) and compact sensors agreat opportunity exists to leverage these technol-
ogies as a critical part of the GOES-R field campaign activities. During the GOES-R near-surface Unmanned
Aircraft System (UAS) feasibility demonstration study phase, we will support UAS design, perform hardware
procurement forthe prototype UAS, support the integration andinitial testing of GOES-R UAS and support
GOES-R UAS field campaign planning.
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Accomplishments
Our work on GOES-R near-surface unmanned aircraft systemfeasibility demonstrationstudy can be summa-
rized as following.

1

System design and procurement
The system includes an UAS, a UAS flight controller (Pixhawk) to control the path and record geology
related metadata, a Raspberry Pi to handle the data acquisition process and various sensors and
parts. The design integrates various sensors on the UAS including visible-and-near-infrared (VNIR)
spectrometer, shortwave-infrared (SWIR) spectrometer, temperature and humidity sensor, barom-
eter, etc. Sofar we arranged procurement of VNIR spectrometer (Ocean Optics, model Flame-S-VIS-
NIR-ES), SWIR spectrometer (ArcOptics, model Rocket 0.9-2.6 w/ DSP), thermopile sensor (Apogee,
model SI-411), several lab equipment and accessories from Thorlabs, TE Technology, BBN, InterMet,
etc.
Sensorintegration
As a major part of our tasks, sensor integration could be separated into dif ferent subtasks and are
further described below
a. Sensor module integration design
We have designedthe system of integrating micro-computer with spectrometer for the pay-
load on UAS.
b. 3D printed sensor cases for UAS payload integration design
We utilized the 3D printerin ourlab to print casesof the sensors according to their individual
sizes, which is helps designing the arrangement of the sensors on the UAS.
c. Sensorintegration with Raspberry Pi
We developed system capable of measuringand recording data with Raspberry Pi. The sys-
tem consists of data acquisition from connected sensors (including spectrometers, GPS sen-
sor, temperature/humidity sensor and barometer),onboarddata recording withSD card and
wifi linkage and communication.
d. Dataexporting and reading
First we used Windows-based OceanView Software and successfully exported data to file
and control integration time. However, this software could not be executed on Raspberry
Pi. As an alternative, we customized the Linux-based software SeaBreeze, and successfully
integrated the spectrometerinto oursystem. We then executed iton Raspberry Piand rec-
orded the data on SD card.
e. Remote control and data transfer wirelessly
When Raspberry Piis connected tothe internetvia wifi dongle, controlling the data collect-
ing process and sending data back could be done remotely onlocal computer. We have suc-
cessfully acquired internet connection via the wifi dongle and used the acquisition code to
record the spectrum evolution data.
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Figure 2: (Left) Testing flight withdrone at UMD; (Right) measurement of spectra over different surface types
with the integrated modular system consisting of the micro-computer Raspberry Pi and VNIR spectrometer.
f. VNIR spectrometer for UAS integration
The sensorwe have fortestingis Ocean Optics USB2000+VIS-NIR-ES modular spectrometer.
Itisa versatile, general-purpose UV-Vis-NIR spectrometers for absorption, transmission, re-
flectance, emission, color and other applications featuring compact size, robust optoelec-
tronics and easy modularity. The spectral range of our moduleis 350 nm to 1000 nm. The
data shown in Figure 1is acquired using this module.

3. Arranged meetingand held discussion with Maryland UAS test site with UAV Solutions Inc. for sys-
tem design and UAS test arrangement

4. Performed analysis of Open geospatial consortium (OGC) standards for sensor data archiving
The OGC standards can be used for Drones/Copters or any other device for reporting sensor data
from the temperature sensor, pressure sensor, geolocation sensor, humidity sensor, spectrometer
and other sensors. These standards for data analysis and data recording have one standard format
throughout the world and can be used by even a layperson to understand and analyze the infor-
mation obtained. OGC currently has three main operating zones: North America, Europe and India.
We have performed analysis OGC standards for formatting our sensor data according to such a
standard.

5. UAS test planning with Mission Planner
Mission Planner software has been used to plan the path for UAS testing and interfacing with port
on UAS. Regarding path viewingon local computerwith internet access, italso supports route plan-
ning shown on Google Maps. Furthermore, we have also conducted route simulations attypical lo-
cationsincludingadesert, awaterterrain, UMD UAS test site (the one shown on Figure 2), etc. with
various parameters.
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Figure 3: UAS data acquisition flow chart shown on top-left, with an exemplary path around College
Park assigned in a KML file shown on bottom and one around the UMD UAS test site assigned in
mission planner shown on top-right.

Planned work
We will continue to support the GOES-R near-surface Unmanned Aircraft System (UAS) feasibility demon-
stration study.

° Support GOES-R near-surface UAS design
° Perform hardware procurement for the prototype GOES-R UASs
. Support Development of Payload Hardware and Navigation/Pointing/ Data Acquisition Control Soft-

ware for GOES-R UAS
0 Integration of spectrometer with onboard programmable firmware
0 Sensor-pointing direction determination
0 Navigation and gimbal pointing control software development
0 Onboard data collection and wireless communication

. Support the Integration and Initial Testing of GOES-R UAS
° Support GOES-R Near-Surface UAS Field Campaign Planning
Presentations

1. XiShao, Yan Bai, Changyong Cao, Field Campaign Support Capabilities at University of Maryland STAR
JPSS 2015 Annual Science Meeting, College Park, MD, August 24-28, 2015.
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Performance Metrics

# of new or improved products developed (please identify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of presentations 1

# of graduate students supported by a CICS task 1

# of graduate students formally advised

# of undergraduate students mentored during the year 1
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VIIRS Operational Calibration Science Support and JPSS-1 Prelaunch Test Data Analysis

Task Leader  Xi Shao

Task Code XSXS_VIIRS_14

NOAA Sponsor Changyong Cao

NOAA Office NOAA/NESDIS/STAR

Contribution to CICS Themes (%) Theme 1: 90%; Theme 2: 10%; Theme 3: 0%.
Main CICS Research Topic Calibration and Validation;

Contribution to NOAA Goals (%) Goal 1: 20%; Goal 2: 80%

Highlight: CICS scientists provides operational science support for S-NPP VIIRS instrument through support
on-orbit calibrationof VIIRS using the onboardsolar diffuser (SD), lunar observations and vicarious methods,
as well asinter-comparisons with instruments on other satellite using SNOs, support DNB stray light correc-
tion software development, and support the prelaunch test data analysis of VIIRS on JPSS-1.

Background

VIIRS (Visible Infrared Imager Radiometer Suite) is one of five instruments onboard the Suomi -NPP satellite.
The VIIRS observations primarilyfocus on clouds, Earth surface variables, Sea Surface Temperature (SST) and
Imagery. VIIRS is designed to provide moderate-resolution, radiometrically accurate images of the globe
twice daily. It has 22 spectral bands covering the spectrum between 0.412 um and 12.01 um, including 9
reflective solar bands (RSB), 12 thermal emissive bands (TEB), and 1 day-night band (DNB).

For the RSBs, the calibration uncertainty in spectralreflectanceforascene at typical radiance is e xpected to
be less than 2%. To meet this requirement, we will support on-orbit calibration of VIIRS using the onboard
solardiffuser(SD), lunar observationsand vicarious methods, as well as inter-comparisons withinstruments
on other satellite using SNOs. We will investigate the cause of striping and petulant mode occurred during
the operation of VIIRS. In addition, independent calibration of LGS for DNB is critically needed. The moon is
a natural light source at night and can be used to perform vicarious calibration of DNB when it illuminates
the ground calibration site. The proposed work will support the calibration of DNB using moon light.

It is critical to correct for stray light and this is done by generating look-up table (LUT) using DNB radiance
data that are close to new moon phase and have minimal light contamination from light sources such as
aurorae or due to human activities. We support the software development for DNB stray light correction.

We focus on providing supporttothe VIIRS calibrationto ensure that the mission requirements are met. We
also support the prelaunch test data analysis for VIIRS on JPSS-1.

Accomplishments
We supported the VIIRS calibration in a broad scope by

1. Supported DNB radiometric and geolocation validation with nightlight sources and performed assess-
ment of scan-angle dependentradiometric bias of Suomi-NPP VIIRS day/night band fromnightlight point
source observations. To evaluate the DNB radiometricresponse versus scan angle, we selected ground
based night light sources. Analysis of night lights from DNB led us to focus on bridge lights and oil plat-
forms (Figure 1). Results show that there appearsto be a scan angle de pendent radiometricbias, with a
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low radiance at nadir while gradually increases towards edge of the scan. This patternis foundin both
the San Mateo bridge and the oil platform holly samples, althoughitisless clear for the Arizona power
plantand Bahrain cases. Itis possiblethat this effectisdue tothe VIIRS DNB aggregation zones on Suomi
NPP VIIRS, which would also help study the effect of J1 VIIRS DNB nonlinearity at high scan angles, which
requires the use of new aggregation modes. Other effects such as atmospheric path length and light
on/off schedule as well as traffic volume may also contribute to this pattern. We found that the point
sources over water have the clear advantage than the ground base point sources for the radiance and
geolocation validation analysis since there is littlereflection from the water and this reduces the uncer-
tainties compare with the ground point source. Results are published in SPIE paper.

Figure 1: Top: Example of night lights from the oil platformHollylocated near Los Angeles and San Mateo
bridge. The lights appear to be always on at night and are relatively stable as a point source for DNB
radiance and geolocation analysis. Bottom: Radiance vs. scan angle for those two sites.

Supported development of Suomi NPP VIIRS calibrationknowledge base for SDR data quality assurance,
anomaly investigation, and EDR applications.

Supported inter-comparison of SNPP/VIIRS longwave infrared channels using hyperspectral radiance
from GOSAT FTS and MetOp-A IASI. Results are presented in Calcon meeting. The VIIRS has four
longwave infrared bands (15, M14, M15 and M16). Comparing Hyper-spectral radiance measurements
from Greenhouse Gases Observing SATellite (GOSAT) and with VIIRS measurements can improve our
understanding of calibration of each sensor and Infrared Atmospheric Sounding Interferometer(lASI) can
reduce the gap between different datasets from different sensors by removing the calibration caused
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bias in constructing climate data record. In our study, the GOSAT FTS and IASI hyper-spectra radiance
have been usedto simulate the three VIIRS M band radiance over Simultaneous Nadir Overlapping area
and then compared with the VIIRS observations. Through inter comparison, we can estimate the bias
betweentwosensors and furtherinvestigate the cause of this mismatch by lookinginto the calibration
errors (Figure 1).

Figure
1: FTS simulated VIIRS radiance compared with VIIRS radiance over SNO locations

Supported analysis of ADL Common Geolocation Package and presented a talk to NOAA/NESDIS/STAR
SMCD on SNPP geolocation algorithm. Investigated calculation of inclination angle of SNPP on ECEF and
ECl coordinate system to illustrate the angle difference in these two different coordinate systems.
Supported DNB stray light correction software development through automation of IDLcodes for
generation and validation of DNBstray light correction LUT.

Supported analysis of VIIRS solar diffuser spectral dependent degradation and build models to simulate
solardiffuserreflectance degradation due to surface roughness-induced Rayleigh scattering after expo-
sure to space radiation.

Participated Suomi NPP VIIRS sensor data record verification, validation, and long-term performance
monitoring forboth RSB and TEB bands and supported an overview assessment of SuomiNPP VIIRS per-
formance.

Performed Vicariousvalidation of Suomi-NPP/VIIRS Day/Night Band using DOME-C and Greenland under
moon-light and results are reported in journal paper.

We are maintaining a data sever to support calibration working group for processing, archiving and
backup of public data for calibration of VIIRS.

Planned Work

None

Publications:
Peer-Reviewed:
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1. lJing, X.;Shao, X.; Cao, C.; Fu, X.; Yan, L. Comparison between the Suomi-NPP Day-Night Band and DMSP-
OLS for Correlating Socio-Economic Variables at the Provincial Level in China. Remote Sens. 2016, 8, 17.
2. FeiMeng, Changyong Cao, Xi Shao, Spatio-temporal variability of Suomi-NPP VIIRS-derived aerosol op-
tical thickness over China in 2013, Remote Sensing of Environment, ISSN 0034-4257,
http://dx.doi.org/10.1016/].rse.2015.03.005, 2015.
3. ShiQiu, Xi Shao, Changyong Cao, and Sirish Uprety, "Feasibility demonstration for calibrating Suomi-
NPP visibleinfraredimaging radiometer suite day/night bandusing Dome C and Greenlandunder moon
light". Journal of Applied Remote Sensing, paper No. 15219RP, 2016.

Non-Peer-Reviewed:

2. Yan Bai, Changyong Cao, Xi Shao, "Assessment of scan-angle dependent radiometric bias of Suomi-NPP
VIIRS day/night band from night light point source observations",in Earth Observing SystemsXX, James
J. Butler; Xiaoxiong (Jack) Xiong; Xingfa Gu, Editors, Proceedings of SPIE Vol. 9607 (SPIE, Bellingham, WA
2015), 960727.

3.  XiShao, Changyong Cao, Tung-chang Liu, Bin Zhang, Wenhui Wang, Shing F. Fung, "Auroral activities
observed by SNPP VIIRS day/night band during a long period geomagneticstorm event on April 29-30,
2014", in Sensors, Systems, and Next-Generation Satellites XIX, Roland Meynart; Steven P. Neeck;
Haruhisa Shimoda, Editors, Proceedings of SPIE Vol. 9639 (SPIE, Bellingham, WA 2015), 963921.

Presentations:

1. XiShao, and Changyong Cao, Solar Diffuser Degradation due to Surface Roughness Change, NOAA NCC
/ NIST Calibration Workshop, July 10, 2015,

2. XiShao, Yan Bai, Changyong Cao, Field Campaign Support Capabilities at University of Maryland, STAR
JPSS 2015 Annual Science Meeting, College Park, MD, August 24-28,2015.

3. LiuT-C,Shao X, Cao C, ZhangB, Fung S and Sharmas, AuroraActivities Observed by SNPP VIIRS Day-
Night Band during St. Patrick's Day, 2015 G4 Level Geomagnetic Storm, 2015 AGU Fall Meeting, San
Francisco, CA (2015).

4. BinZhang and Changyong Cao, Inter-comparison of SNPP/VIIRS Longwave Infrared Channels Using Hy-
perspectral Radiance from GOSATFTS and MetOp-A IASI (poster), CALCON meeting, Logan, Utah,
08/2015.

Others:

Award: Yan Bai, Bin Zhang and Xi Shao received 2015 NOAA NESDIS Award for achieving significant ad-
vances in critical areas of Visible Infrared Imaging Radiometer Suite Day/Night Band development, includ-
ing JPSS-1waiver mitigation, operational straylight correction, and geolocation capability development and
validation.

Performance Metrics

# of new or improved products developed 0

122



Volume II: CICS-MD CICS Annual Report 2016

# of products or techniques submitted to NOAA for consideration in operations use 0
# of peer reviewed papers 3
# of non-peered reviewed papers 2
# of presentations 4
# of graduate students supported by a CICS task 0
# of graduate students formally advised 0
# of undergraduate students mentored during the year 0
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CUNY Creating Calibrated UTH-Related FCDRs from IR and Microwave Sensors

Task Leader: Zhengzhao Johnny Luo
Task Code: ZLZL_FCDR_14

NOAA Sponsor: NCEI CDR program

NOAA Office: NESDIS

Contribution to CICS Research Themes (%) Theme 1: 100%

Main CICS Research Topic: Calibration and Validation
Contributionto NOAA goals (%) Goal 1: 100%

Highlight

Link to a research web page: www.sci.ccny.cuny.edu/~luo

Background

The objective of thisprojectis to continue workingon a climate datarecord (CDR) project, which was funded
through the NOAA CDR program from 2010-2014 (the original funding ended in April 2014). The purpose of
the original CDR project is to “bring together all the upper-tropospheric humidity (UTH)-relevant radiance
data from multiple satellites and process themto establish a long-term, global radiance record from which
a climate datarecord (CDR) of UTH can be retrieved and UTH research may be conducted”. Since HIRS -based
IR UTH CDR has already been developed andis now operational at NCDC (Shi and Bates 2011), emphasis of
this project is placed on microwave sensors, especially SSM/T2, that have not been well archived and cali-
brated before. Microwave-based UTH measurements have the advantage of not easily contaminable by
clouds (exceptvery thick high cloudslikethose associated with deep convection). To make the dataset more
useful forfuture research, we also appendeded the ISCCP cloud propertiesand IRUTH radiances from geo-
stationary satellites (GEOs).

Accomplishments
The main accomplishments of this CDR project are as follows.

» Re-archived and inter-calibrated raw SSM/T2 data
> Matched IR UTH radiances from GEOs to SSM/T2

» Appended ISCCP cloud properties (so that one can betterinterpret UTH radiancesin future ap plica-
tions)

During the past year (April 1 2015 — March 31 2016), we focused on preparing for transition of our CDR
product to the NCEI. Specifically, we followed the CDR requirements and wrote up a draft documentation.
Also, we made changes of the data format to comply with the requirements set by the CDR program. Be-
cause ourscheduled transition time is 2017 (due to a backlog at the NCEI), we were notableto feedour data
to the NCEl archive yet. In August 3-7, 2015, we attended the CDR meeting at Asheville and presented our
results (Luo et al. 2015).

Planned work
We will continue to work with NCEI to make sure our CDR products are transitioned to theirarchive (which
is scheduled to 2017). Meanwhile, we are also collaborating with
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Products
The MW-based UTH CDR productisstill in-house. We are waiting for NCEl to schedule atransition, whichis

currently scheduled to 2017.

Presentations

Luo, Z.J., J. Jeyaratnam, W. B. Rossow, 2015: Creating Calibrated UTH-Related FCDRs from IR and Micro-
wave Sensors, NOAA Climate Data Record Program Annual Meeting, NCEI Asheville, NC, August3 -7,
2015

Other

A graduate studentfroman under-represented group (Ms. Nazia Shah) has been trained underthis project.
Naziahas spent 10 weeks at NESDIS and worked with Ralph Ferraro and his team to compare SSM/T2 and
AMSU-B data. Sheis now writingup her MS thesiswhichisbased onthe CDR project.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

olo|ojlo|o|O0o|Oo]| ©
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A Terrestrial Surface Climate Data Record for Global Change Studies

Task Leader Eric Vermote
Task Code CJCJ_AVHRR_15
Main CICS Research Topic Calibration and Validation

Percent contribution to CICS Themes Theme 1: 50%; Theme 2: 50%; Theme 3: 0%.
Percent contribution to NOAA Goals Goal 1: 100%

Highlight: A 30+ years of daily surface reflectance and vegetationindex data processed in a consistent way
isnow available fromthis project. Itis generated fromdata of several AVHRR instruments from 1981 to 2013
and of the MODIS instruments on-board Terra and Aqua from 2000 to present. Inter-comparison of the
MODIS aqua and AVHRR for the 2000-present period has enable to further refine the AVHRR record. It uses
state of the art algorithms for geo-location, calibration, cloud screening, atmosphericand surface directional
effect correction to achieve the most consistent data record possible. This dataset is a daily global dataset
at the resolution of 0.05 degree of latitude and longitude. This dataset has also been tested priorto release
in practical applications of societal benefits such as forest cover change detection overthe long term as well
as drought monitoring or yield prediction in the context of agricultural production and food security.

Background

The overall objective of this projectisto produce, validate and distribute aglobal land surface climate data
record (CDR) using acombination of mature and tested algorithmsand the best available land imaging polar
orbiting satellite data from the past to the present (1981-present), and which will be extendable into the
JPSS era. The data record consists of one fundamental climate data record (FCDR), the surface reflectance
product. Two Thematic CDRs (TCDRs) are also be derived from the FCDR, the normalized difference vegeta-
tionindex (NDVI) and LAI/fAPAR. These two products are used extensively for climate change research and
are listed as Essential Climate Variables (ECVs) by the Global Climate Observing System (GCOS). In addition,
these products are usedin a number of applications of long-term societal benefit. The two TCDRs are used
to assess the performance of the FCDR through a rigorous validation program and will provide feedback on
the requirements for the Surface Reflectance FCDR.

Accomplishments

e Release of the full 30+ record includingthe LAI/FAPARTCDR (AVH15 products) algorithm (see Fig-
ure?2)

e NearReal Time algorithm transitioning for AVH09, AVH13 and AVH15 products
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Figure 1: The generation of a Land climate data record (several decade) necessitates the use of multi instru-
ment/multi sensor science quality data record. This record is used to quantify the trend and change in land
surface parameter (e.q. Vegetation/Land Cover). A strong emphasis is put on data consistency that is
achieved by careful characterization and processing of the originaldata rather than degrading and smooth-
ing the dataset.

Performance Metrics FY16
# of new or improved products developed 3
# of products or techniques transitioned from research to ops 3
# of peer reviewed papers 2
# of non-peered reviewed papers 0
# of invited presentations 5
# of graduate students supported by a CICS task N/A
# of undergraduate students supported by a CICS task 1
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Planned Work

Thisis the final report.

Publications

JyoteshwarR. Nagol, EricF. Vermote, Stephen D. Prince, (2016) Assessment of Uncertaintyin LTDR AVHRR
NDVIdata, Remote Sensing of the environment, submitted afterrevisions.

Claverie M., Matthews J., Vermote E., Justice C., (2016) "A 30+ year AVHRR LAl and FAPAR climate data
record: algorithm description, validation”, Remote Sensing (in press)

Presentations

Vermote etal., “Land Long Term Climate Data Record from AVHRR, MODIS and VIIRS”, AMS 96th Annual
meeting, New Orleans, LA, Jan 10-14, 2015.

Vermote etal., “Toward daily global monitoring of agriculture from space using AVHRR, MODIS, and VIIRS
data” at the SED seminar Earth Sciences Division, Nov, 6, 2015.

Vermote etal., “Winter wheat production forecastin USfrom 1982 to presentusingVV4.1 AVHRR LTDR”,
1min talk at Town Hall Meeting, Oct, 5, 2015

Vermote etal., "Generic Methods for Cross-calibration and Validation of the Sentinel 3Surface Reflec-
tance: Descriptions and Applications to MODIS and VIIRS”, Sentinel 3for Science Workshop, Venice, Italy,
June 2-5, 2015

Vermote etal.,” The NOAA/NCDC Surface Reflectance Climate Data Record initiative”, MODIS/VIIRS Sci-
ence Team Meeting, Silver Spring, MD, May 18-21, 2015
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3 Surface Observation Networks

Howard University Support of NOAA's commitment to the Global Climate Observing System
(GCOS) Reference Upper Air Network (GRUAN)

Task Leader  Belay B. Demoz and Ricardo Sakai

Task Code BDBD_GCOS_15

NOAA Sponsor: M. Goldbergand H. Diamond

NOAA Office : NOAA/STAR

Contribution to CICS Research Themes (%): Theme 2

Main CICS Research Topic: Surface Observation Networks

Contribution to NOAA goals (%): To understand and predict changes in climate, weather, oceans and
coasts

Highlight

Link to a research page: http.www.gruan.org

Background

Lack of properdocumentation of upperairatmosphericstate variable errors has hampered accuracy of de-
rived climate trend estimates. To mitigate thisissue, the GCOS Reference Upper Air Network (GRUAN) sites
have started a rigorous documentation of highly accurate upper air soundings on periodicintervals. The
Howard University Beltsville Research Site as part of the NOAA Center for Atmospheric Studies (NCAS:
http://ncas.howard.edu) is one of these sites (http://gruan.org) which is making dedicated measurements
of upperair radiosondes duringthe NPP overpass times and archiving the data sets. This proposal seeks to
continue the US NOAA commitment for GRUAN by launching weekly Vaisala RS-92 and monthly CFH
launches, coincident with the overpass of the (S-NPP). The data will be processed in a highly quality con-
trolled, internationally agreed manner where data and associated metadataare stored at the GRUAN Lead
Centerin Lindenberg, Germany, and NOAA’s National Climatic Data Center (NCDC). By using these GRUAN
certified data sets in NUCAPS cal/Val —this task directly addresses the user engagement for data enhance-
ment/improvement as well as the detailed data characterization part of the objective forJPSS PGRR. A con-
ducive arrangement has been made with our NOAA STAR collaborators for dedicated NUCAPS and other
cal/val activities and feedback —which address another of the primary JPSS PGRR objectives. These data sets
will be used by NOAA STAR scientistsin data validation and testingand debugging the NOAA Products Vali-
dation System (NPROVS+).

Accomplishments
e Continue the weekly VaisalaRS-92 and monthly CFH launches, coincident with the overpass of the Su-

omi National Polar-orbiting Partnership satellite (NPP). We have continued to build the archive of
sonde-satellite sounding data base. Soundings were acquired and launched at Beltsville at night to min-
imize radiation correction and are timed with NPP overpass (figure-1). Once amonth, a daytime
launchis performed duringa NPP overpass and concomitant with a launch coordinated with NWS Ster-
ling. Also, on monthly basis, we have continued launching the Cryogenic Frost-point Hygrometer (CFH)
at nighttime.

129


http://ncas.howard.edu/
http://gruan.org/

Volume II: CICS-MD CICS Annual Report 2016

Max. height

Time of the day

-
g4
“« g
A4
 — I|_.|— fa— —
T T T
o 5 0

o -

hor I'U.r'l P, 2 o ]

Figure 1: Statistics of RS92 launches at HU Beltsville site: Number of satellite coordinated launches by
year; histogram of altitude reached and number of sondes at that altitude; numberlaunched by month
andtime of day. Also shown is the balloon burst altitude through the years. Finally a distribution of the
balloon drift position, color coded with burst altitude is shown.

e Establishingadirectlink of datafeed forthe NOAA Products Validation System (NPROVS+) at NOAA
STAR. While Beltsvilledatais submitted to GRUAN lead center on time, the GRUAN based processing
doestake time and this delay created processing complications to the NPROVS+group. Adirect com-
municationand delivery with the groups has been established. This archive is expected to grow and
include otherancillary remotesensing datasetsinthe future. NPP-coordinated launch has proceeded
without operationalinterruption. Plot of the statistics of launches so farand QA for each soundingis
shown below (figures 2and 3). A comprehensive review of the radiosonde launchesis alsoin progress
as part of GRUAN certification of the HU Beltsville site. This includes firming up NWS collaborations and
otherpersonnelissuesatthe site. Datalatencyissues with respectto datadelivery to NOAA/STAR for
NUCAPS and NPROVS+directory for cal/val use have been solved through use of temporary storage in
a computercloud (Dropbox), sounding datais shared within 7 days afterthe launch.
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e A coordinated sonde launch have beeninitiated between NWS/Sterling office and Howard University.
Sondes are released around local noon at same time from both locations to study spatial -variations.
Three sondes have been collected sofar but he work will continue and collect statistical datafor SASBE
studies. The project will also be used as avalidation for the recent acquisition of an auto-sonde
launcher by NWS/Sterling, VA.

Figure-2: Correlation of Microwave Radiometer (MWR) derived Atmospheric Instability Indices to that of sondé
derived values for Baltimore-Washington, DC region. NWS and HUBRC upper air sondes together with two MWR
sites (HUBRC and Earth Networks (Germantown, MD) are used in the study. Further, comparisons of the findings
are also compared to published results around the globe. The goal is to link these instabilities to lightning occur
rence as measured by the DC-lightning network and future satellite products. Following most commonly used indi
cesare reported: K-Index (Kl), Total Totals Index(TT), Lifted Index (Ll), Convective Available Potential Energy ( CAPE),
The paper is part of dissertation work by Dr. Lorenza Cooper, Howard University, and in in progress.

Planned work

e Thegoals of the project have not changed interms of data collection.

e Continue the weekly VaisalaRS-92 and monthly CFH launches, coincident with the overpass of the
Suomi National Polar-orbiting Partnership satellite (NPP).

e Continue datasharingwith NESDIS/STAR personnelfor NPROV+ - thisdata is shared in semi
realtime for NOAA scientists toingestinto NPROV validation studies.

e Continue collaboration with GRUAN and submission of all previous radiosonde datasets and con-
tinue quality controlling the data archive.

e Continue collaboration with STAR personnelfor validation of the EDRs, contributingtoand the
NOAA/NWS Sterling Testing Facility scientists on CFH training.

e Continue the monthly CFHlaunches and contribute for the development of the CFH GRUAN data
product.

Publications
None forthis reporting period
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Products
A weekly, Satellite coordinated radiosonde data.

Presentations
Please list

Other

Data and radiosonde launch made possible by this taskis used in education and training of graduate stu-
dents at Howard University. The datais used for dissertation and masters research topicuse.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)?

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

NNIO|lO|O|O|R| I

# of undergraduate students mentored during the year

1the goal of thistask isto provide weekly radiosondelaunch as part of the NOAA/GRUAN work. These data
are continually produced and archived for NOAA/STAR scientist use in satellite validation studies. See fig-
ure-1for the statistics of the data producedso far.
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Long-Term Changes in Cloudiness from Surface Observations

Task Leader: Hyelim Yoo

Task Code: HYHY_LTCC_15

NOAA Sponsor: Melissa Free

NOAA Office: OAR/ARL

Contribution to CICS Research Themes (%): Theme 1: 30%; Theme 2: 70%; Theme 3: 0%.

Main CICS Research Topic: Surface Observation Networks

Contributionto NOAA goals (%): Goal 1: 50%; Goal 2: 10%; Goal 3: 40%

Highlight: Cloud coverin four state-of-the-art global reanalysis products is compared with ahomogeneity-
adjusted dataset of total cloud cover from ground observations overthe US. The reanalysis products gener-
ally capture in simulating the main characteristics of inter-annual variability of cloud coverforlong-term
means. However, the reanalysis products show lower cloud coverthan visual weather station data and this
underestimation causes to be overestimated in downward surface shortwave fluxes when compared with
the Surface Radiation Network. In addition, the discrepancies in magnitudes of cloud covertrends are seen
between the reanalysis products and weather station data.

Link to a research web page: None

Background

Clouds are importantin climate and weatherforecasting models since they strongly interact with radiation
and energy balance. Although considerable effortshave beenmade to improve cloud representationin mod-
els, clouds on a global scale vary from model to model since cloud is not assimilated into models but instead
is predicted by models. So cloud cover from models or reanalysisis a subject to errors related to cloud mi-
crophysics and parameterizations used in models. Previous studies have compared climatological cloud
cover in operational modelsto satellite cloud data or ground-based remote sensing cloud products. How-
ever, only afew papers have reported inter-annual or decadal scales in cloudiness from models orreanalyses
to those in observations. We examine total cloud cover in four current reanalysis products from 1979 to
2009 with a homogeneity-adjusted dataset. Also, we assess the relation of biases in cloud coverto biasesin
surface shortwave fluxes in the reanalysis products.

Accomplishments

The Climate Forecast System Reanalysis (CFSR), the Modern-Era Retrospective Analysis for Research
and Applications (MERRA), the European Centre for Medium-Range Weather Forecasts (ECMWF) interim
reanalysis (ERA-Interim), and the Japanese 55-year Reanalysis Project (JRA-55) products are used in this
work. All reanalyses show lower total cloud cover than the surface observations for all regions which sug-
geststhat there may be a biasin cloud-related physics shared by those climate models. The U.S. mean dif-
ference is ~¥9% for MERRA and CFSR, ~15% for ERA-Interim, and ~19% for JRA-55. Reanalysis biases of cloud
cover at individual stations vary from slightly positive to -27%. ERA-Interim biases are

negative atall stations; the other threereanalyses have negative biases at all but a handful of stations. Biases
for 1800 UTC diurnal meansfromreanalysis dataare generally within 3% of those for the entire 24-h cycle,
and are sometimes larger despite the observations being more closely matched in time, especially for
MERRA. CFSR, ERA-Interim,and JRA-55tend to give largerannual cycles than those in the station data, while

MERRA gives aslightly smallercycle inthe U.S. mean and doesnot reproduce the summer minimum in cloud
cover seen in the station data.
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The underestimate of cloud cover in the United Statesis similartofindingsin a number of earlier studies for
otherregions. We used reanalysis cloud coverforall hours of the day, while our station datasetis limitedto
daytime hours. However, since results for 1800 UTC are generally similartothose for whole-day means, we
conclude that the mismatch of observationtimesis nota significant source of differences between reanal-
yses and station data or between different reanalysis products.

FIG. 1. Annual-mean total cloud coverfrom fourreanalyses and weather station dataaveraged over 154
U.S. locations using gridded station and reanalysis data.

Pearson correlation coefficients between monthlyanomaly time series from reanalyses and weather stations
forindividualstations(Fig. 2) range from 0.31for JRA-55at San Clemente, California, to 0.88 for ERA-Interim
at Klamath Falls, Oregon.Forall but MERRA, there is atendency forthe best correlations to occur at stations
inthe Northwest,in Texas, and inthe Southeast and the worstinCalifornia. For U.S. meanmonthly reanalysis
time series, correlations with station data are highest for ERA-Interim (0.90) and lowest for MERRA (0.81)
(Table 1), with CFSR (0.89) very close to ERA-Interim. The high correlation between the reanalysis products
and surface datacould be attributed toreliable inter-annual signals from assimilated observations including
temperature and moisture that are used in cloud parameterization.

All reanalysis products showthe best correlations withstation datain the fall or winterand the worst corre-
lationsinsummer(Table 2). MERRA has much lower correlationsin summertime with both military and NWS
stations, and this appears to be the primary reason for its lower overall correlation. The poorer
correlationsinsummerand in California, which are also shownin satellite cloud products, could be related
to greater small-scale spatial or temporal variability in cloud cover captured by the weather stations, or to
issues with the representation of specific cloud types that are more common in summer and in certain re-
gions. Specifically, small cumuluscloudstend to be more frequentinthe summer, and those cloudsare more
likely tobe ““seen” differently by observers than by a model orsatellite, whereas the stratus clouds thatare
commoninthe winterare more likely to produce similar estimates from both top-down and ground observ-
ers.

Examination of low and high cloud coverorindividual cloud types might helpindicatethe reasons for differ-
ences between reanalyses and station data. However, individual cloud types similar to those recorded by
weather observers are not generally available from reanalyses, and the availability of low cloud and other
cloud type information from the U.S. weather stations is much more limited since the 1990s than before
then, making such comparisons difficult.
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FIG. 2. Correlations between reanalysis total cloud covertime series and weather station datafor U.S. loca-
tions for 1979-2009.

Planned work
e Thisprojecthas ended.

Publications

Free, M. Sun, B., Yoo, H., (2016) Comparison between Total Cloud Coverin Four Reanalysis Products and
Cloud Measured by Visual Observations at U.S. Weather Stations. J. Clim., DOI:
http://dx.doi.org/10.1175/JCLI-D-15-0637.1.

Sun, B., Free, M., Yoo, H., Foster, M., Heidinger A., Karlsson, K. (2015) Variability and trendsin U.S. cloud
cover:ISCCP, PATMOS-x, and CLARA-A1compared to homogeneity-adjusted weather observations. J. Clim,,
28, 4373-4389.

Presentations
e Thiswork was presentedinthe annual 2016 AMS meeting
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Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

ol |O|(N|[O| O

# of undergraduate students mentored during the year
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AOSC Support for Air Quality Projects at the Air Resources Laboratory

Task Leader  Russ Dickerson
Task Code RDRD_AQS_14 & RDRD AQS_15 (Summary)
NOAA Sponsor Rick Artz

NOAA Office  OAR/ARL CUMULATIVE HEADING

Contribution to CICS Research Themes (%) Theme 1: 0%, Theme 2: 33%, Theme 3: 67%
Main CICS Research Topic: Surface Observation Networks
Contribution to NOAA goals (%) Goal 1: 3%, Goal 2: 57%, Goal 3: 40%

CUMULATIVE PERFORMANCE METRICS

# of new or improved products developed (pleaseidentify below the table) 5
# of products or techniques submitted to NOAA for considerationin operations use 3
# of peer reviewed papers 36
# of non-peeredreviewed papers 5
# of invited presentations 48

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year 0

Annual Report
CICS ARL Projects
R. R. Dickerson, Team Leader

1. Tianfeng Chai
2. Alice Crawford
3. Paul Kelly
4. Hyun Cheol Kim
5. Fong Ngan
6. Li Pan

7. Xinrong Ren

8. Youhua Tang

9. Daniel QuanSong Tong
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Tianfeng Chai

Tianfeng.Chai@noaa.gov

Task Name Participation in Climate Research Activities at the Air Resources laboratory NOAA
Task Leader  R.R. Dickerson, R. Draxler, A. Stein

Task Code RDRD_AQS_14 & RDRD AQS_15 (1 0f 9)

NOAA Sponsor Air Resources Laboratory, R. Artz

NOAA Office  Oceanic and AtmosphericResearch

Contribution to CICS Research Themes (%) Theme 1: 0%, Theme 2: 0%, Theme 3: 100%

Main CICS Research Topic: Climate Research, AQ Forecastingand Modeling

Contributionto NOAA goals (%) Goal 1: 0%, Goal 2: 80%, Goal 3: 0%, Goal 4 0%, Goal 5: 20%

NOAAHYSPLIT (HYbrid Single Partide Lagrangian Integrated Trajectory) Inverse Modeling

Task Leader: Roland Draxler/Ariel Stein

Background: The Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model developed at
NOAA AirResources Laboratory has been widely used to study the atmospheric pollutant transportand
dispersioninboth forward and backward modes. Amongthose applications, the backward trajectory of a
single pollutant particle is often used to identify the potential source locations. Animprovementcan be
made by employing the dispersion module to quantify the source strength by utilizingthe concentration
information.

Accomplishments:

1) AfterComprehensive Nuclear Test Ban Treaty Organization (CTBTO) backtracking capability wasimple-
mented into NWS (National Weather Service) NCEP (National Centers for Environmental Prediction)on
September 30, 2014, ithas been operatingto provide resultsto CTBTO requests. The system was also
employed fora2-week operating exercise runsinitiated by the CTBTO inlate October, 2015. Several
updates were made to the system, including allowing more meteorological files and longer run time
(currently notin operational version, but being tested in the parallelversion). Anew feature of gener-
ating KMZ/KML files for GOOGLE Earth displaysisalso added.

2) AHYSPLIT inverse system to assimilate MODIS satelliteretrieval of ash cloud top height and mass load-
ing has been developed. Usingthe 2008 Kasatochi eruption asan example, the system can estimate
the volcanicash emissions as a function of time and height.

3) Participatedinanatmospherictransport modeling (ATM) challenge to predict the impact of radioactive
xenonreleases from medical isotope production ona CTBTO sampling station. Our HYSPLITmodeling
results were includedinasummary paperthat has beenaccepted for publication.

Planned Work: Continue to support NWSin CTBTO backtracking capability testand future operations.
Complete the volcanicash emission inversion system development. Summarizeand document results for
the 2008 Kasatochi eruptiontest. Furtherdevelopthe HYSPLITinverse system andtestit with more appli-
cations.

Publications
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“Premature deaths attributed to source-specific BC emissions in six urban US regions,” by M. D.
Turner, others, and T. Chai, Environ. Res. Lett., 10, 114014, doi:10.1088/1748-9326/10/11/114014,
2015

“Using optimal interpolation to assimilate surface measurements and satellite AOD for ozone and
PM, 5: A case studyforJuly 2011,” byY. Tang, T. Chai, L. Pan, P. Lee, D. Tong, H.C. Kim, and W. Chen,
J. Air Waste Manage. Assoc., 65(10), pp. 1206-1216, doi:10.1080/10962247.2015.1062439, 2015

“Source term estimation usingair concentration measurementsand a Lagrangian dispersion model
— Experimentswithpseudo and real cesium-137 observations from the Fukushima nuclear accident,”
by Chai, T., R. R. Draxler, and A. Stein, Atmospheric Environment, 106, pp. 241-251, doi:10.1016/j.at-
mosenv.2015.01.070, 2015

“Potential Use of Transport and Dispersion Model Ensembles for Forecasting Applications,” by Stein
A.F.,F.Ngan,R. R. Draxler, and T. Chai, Weather and Forecasting, doi:10.1175/WAF-D-14-00153.1,
2015

“Improved Western US Background Ozone Estimates via Constraining Non-local and Local Source
Contributions using Aura TES and OMI Observations,” by Huang, M., K. W. Bowman, G. R. Carmi-
chael, M. Lee, T. Chai, S. N. Spak, D. K. Henze, A. S. Darmenov, A. M. da Silva, J. Geophys. Res,
doi:10.1002/2014JD022993, 2015

“Source term estimation usingair concentration measurements and a Lagrangian dispersion model
— Experimentswithpseudo and real cesium-137 observations from the Fukushima nuclear accident,”
by Chai, T., R. R. Draxler, and A. Stein, Atmospheric Environment, 106, pp. 241-251, doi:10.1016/j.at-
mosenv.2015.01.070, 2015

“Long-term NO, trends overlargecitiesin the United Statesduring the Great Recession: Comparison

of satellite retrievals, ground observations, and emission inventories,” by Tong, D. Q., L. Lamsal, L.
Pan, C.Ding, H. Kim, P. Lee, T. Chai, K. E. Pickering, and |. Stajner, Atmospheric Environment, 107, pp.
70-84, doi:10.1016/j.atmosenv.2015.01.035, 2015

Presentations:

1

“HYSPLIT inverse modeling” by Chai, T., and A. Stein, 4th Annual CICS-MD Science Meeting, College
Park, Maryland, USA, November 23-24, 2015.

“Development of HYSPLIT inverse modeling technique to improve particulate matter (PM, ) fore-
casts in the US” by Chai, T., and A. Stein, 7th International Workshop on Air Quality Forecasting Re-
search (IWAQFR), College Park, Maryland, USA, September 1-3, 2015.

“Estimation of radionuclide releases from the Fukushima nuclear accident using the Hybrid Single
Particle Lagrangian Integrated Trajectory (HYSPLIT) model and the International Monitoring System
(IMS) air concentration measurements” by Chai, T., R. Draxler, A. Stein, CTBT: Science and Technol
ogy 2015 Conference (SnT2015), Vienna, Austria, June 22-26, 2015.

“Improve volcanic ash simulation with Hybrid Single Particle Lagrangian Integrated Trajectory
(HYSPLIT) dispersion model by assimilating satellite observations” by Chai, T., A. Crawford, B.
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Stunder, R. Draxler, M. J. Pavolonis, and A. Stein, 2015 NOAA Satellite Conference, Greenbelt, Mary-
land, USA, April 27 - May 1, 2015.

5. “Evaluate and constrain modeled ozone and its source contributions in the US using satellite trace
gas observations” by Huang, M., K. Bowman, G. Carmichael, M. Lee, D. Fu, T. Chai, D. Tong, P. Lee,
and Y. Tang, 2015 NOAA Satellite Conference, Greenbelt, Maryland, USA, April 27 - May 1, 2015.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

ojlo(fo|jlnn|jOo(N|O| O

# of undergraduate students mentored during the year
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Alice Crawford

Task Name Participation in Climate Research Activities at the Air Resources laboratory NOAA
Task Leader  R.R. Dickerson

Task Code RDRD_AQS_14 & RDRD AQS_15 (2 of 9)

NOAA Sponsor Air Resources Laboratory

NOAA Office  Oceanic and Atmospheric Research

Contribution to CICS Research Themes (%) Theme 1: 0%, Theme 2: 0%, Them3: 100%

Main CICS Research Topic: Climate Research, Data Assimilation and Modeling

Contributionto NOAA goals (%) Goal 1: 0%, Goal 2: 80%, Goal 3: 20%

Highlight

Link to a research webpage  http://www.arl.noaa.gov/VolcAsh.php

Background
Dr. Alice Crawford works on volcanicash applications forthe HYSPLIT pollutant transport and dispersion
model.

(1) NOAA/ARLprovidessupporttoVolcanicAsh Advisory Centers (VAACs) in Washington and Anchor-
age, which run HYSPLIT operationally to help produce ash forecasts foraviation. Because many vol-
canoes are located inremote areas, forecasters rely heavilyon space-based instruments to ob-
serve eruptions and the resultantash clouds. Improved algorithms in which use data from passive
imaging sensors on satellites to identify the spectral signature of ash and thenretrieve properties
of the ash cloud such as mass loading have been developed at NESDIS as well as other organiza-
tions. NOAA/ARLis developing ways of using this information to produce a better model initializa-
tion and to produce model output evaluation metrics to guide model development andinform
forecasters of model output uncertainty. Information from space-based lidaris also currently un-
der-utilized as a tool for model evaluation.

(2) Createavolcanicash resuspension algorithm for HYSPLIT by adaptingthe current dust resuspen-
sionalgorithm. The ashresuspension algorithm will be used initially to assess the impact of a po-
tential volcaniceruption of Mt. St. Helens on the nuclear waste management facility at Hanford,
WA. Thiswork isbeingdone in partnership with the department of energy (DOE), US Geological
Survey (USGS) and the desertresearch institute (DRI). In the longterm, the resuspension algorithm
may be utilized by the United States VAAC's to forecast resuspension from ash deposits foravia-
tion purposes.

(3) Inthe previousyear, aproto-type web page for exchanging model information among VAACs was
developed and access to the page was given to the IAVWOPSG (International Airways Volcano
Watch Operations Group) ad-hocgroup for evaluation. IAVWOPSG has since been disbanded and
the topicis now underthe jurisdiction of the Meteorology Operations Group.

Accomplishments
(1) Dr. Crawford continuedtowork on usingsatellite datafrom the MODIS and CALIOP instruments
for the 2008 eruption of Kasatochiin the Aleutian Islands. The accuracy of HYSPLIT outputis de-
pendentonthe accuracy of theinitialization: the initial position, size distribution and amount of
ash as a function of time. Satellite observations from passive infrared sensors (MODIS) were used
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both to construct the initialization term and for verification. Space-based lidar observations (CA-
LIOP) were used for furtherverification. Model output produced using differentinitializations for
the 2008 eruption of Kasatochi was compared. Simple source terms such as a uniformvertical line
or cylindrical source above the vent were compared toinitializations derived from satellite meas-
urements of position, mass loading, effectiveradius and heightlocated at the observed downwind
cloud position. Using satellite measurements of column mass loading of ash to constrain the source
term produced betterlong-term predictions than using an empirical equation relating mass erup-
tion rate and plume heightabove the vent. Even though some quantities, such as the cloud thick-
ness, had to be estimated, initializations that were located at the position of the observed ash
cloud produced model output, which was comparable to or better than the model output pro-
duced with source termslocated above and around the vent. Lidar data, passive IR retrievals of ash
cloudtop height,and model output agreed well with each otherand all suggested that the Kasato-
chi ash cloud evolvedintoacomplex three dimensional structure. The results from this study were
submitted for publication in the Journal of Geophysical Research Atmospheres.

Dr. Crawford also attended the Intercomparison of Satellite-based volcanicash retrieval Algorithms within
WMO SCOPE-Nowcasting activity meetingin Madison, WisconsininJune 2015.

(2)

A two-year project to assess the impact of a potential volcaniceruption of Mt. St. Helenson the

nuclear waste management facility at Hanford, WA was begun. This projectis a collaboration be-

tween DOE, USGS, DRI and NOAA/ARL. Forthis project Dr. Crawford will develop and test new ash
re-suspension algorithms that willbe incorporated into the HYSPLIT modeling system. Work to
date has included the following:

a. Collaboratingwiththe project partnersto determine scope of work, information flow, and pro-
cedures. NOAA / ARL will use empirical data collected by DRI to develop the resuspension algo-
rithm. NOAA / ARL will use model outputs produced by USGS on possible ash deposit foot-
printsas inputsintothe HYSPLIT model.

b. Identifying datasetstobe usedforverification.

Identifying areas of HYSPLIT code which will need to be modified

d. Reviewingand providingfeedback on quality assurance documents

o

Dr. Crawford made changesto the web-site in response to feedback provided by the VAACsin Au-
gust 2015. The Meteorology Operations Group will take the leadin any further development of the
website with NOAA/ARL providing alesseramount of support as needed.

Planned Work

(1)

(2)
(3)

Explore which types of statistics are best forassessing model skill using satellite analyses of vol-
canic ash andidentify possible ways such assessments may aid forecasters and guide modeldevel-
opment.

Develop ash resuspension algorithm for HYSPLIT using historical datasets as well as experimental
data provided by DRI.

Develop method to use HYSPLIT model outputto provide DOE with an assessment of probabilities
of ash concentrations due to resuspension of ash in the event of an eruption of Mt. St. Helens.

Publications
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Alice Crawford, Barbara Stunder, Michael Pavolonis, “Initializing HYSPLIT with satellite observations of vol-
canic ash: A case study of the 2008 Kasatochi eruption.” Submitted to Journal of Geophysical Research, At-
mospheres on 01/11/2016. Currently underreview.

Products
Proto-type web page for exchanginginformation between Volcanic Ash Advisory Centers (VAACs).

Presentations
(Invited) NOAA ARL: HYSPLIT and Satellite Observations, Volcanicash forecastingand otherapplications.
Presented atthe CICS-MD Science meeting November 23-24 2015.

Dr. Crawford presented a poster, "Using Satellite Based Volcanic Ash Products to Improve HYSPLIT
Transport and Dispersion Model Predictions” at the WMO Seventh International Volcanic Ash Workshopin
Anchorage, Alaskafrom October 19-23.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

O|lOC(O|R|O(R|O| K

# of undergraduate students mentored during the year

Proto-type of web page for exchanginginformation between Volcanic Ash Advisory Centers. Developedin
previousyear.Revisedin currentyear.
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Paul Kelly

Participation in Climate Research Activities at the Air Resources Laboratory NOAA

Task Leader Russ Dickerson

Task Code RDRD_AQS_14 & RDRD AQS_15 (3 of 9)

NOAA Sponsor Richard Artz

NOAA Office OAR/ ARL

Contribution to CICS Themes (%) Theme 1: 0%; Theme 2: 50%; Theme 3: 50%

Main CICS Research Topic Surface Observing Networks & Climate
Research, Data Assimilation and Modeling

Contribution to NOAA Goals (%) Goal 1: 20%; Goal 2: 20%; Goal 3: 60%

A improved standard addition system has been developed that permits standard addition calibration of a
commercial Tekran mercury analyzer usingthe full inlet-to-detector flow path during both the sampling
period and desorb periods. Previously only the flow path internal to the 2537B analyzer was calibrated.
Testing at our Beltsville, MD site has shown the conversion of element mercury injected atthe inletinto
fictive particulate mercury during periods of extremely low dew points (<-18C).

Background:

Mr. Kelleyisworkingto supporttwo atmosphericchemists at ARL(Drs. Luke and Ren) and to provide data
for model validation foraglobal mercury model written by Dr. Cohen, also at ARL. One of the major long-
termgoalsis to understand how gaseous elemental mercury (GEM) inthe atmosphere is transformedinto
more highly bio-available reactive gaseous mercury (RGM) and fine particulate mercury (FPM). Thisin-
volves acomplicated cycle of convection of anthropogenic GEMinto the free troposphere and lower strat-
osphere, subsequent oxidationinto RGMand FPM, and then wet deposition by deep convectivethunder-
storms or dry deposition following strong post-frontal subsidence.

Accomplishments:

(1) Support of on-going long-term atmospheric mercury measurements

NOAA /ARL has installed and maintained three ground stations that are devoted tolong term monitoring
of speciated atmospheric mercury and operates them according to National Atmospheric Deposition Pro-
gram sampling protocols (AMNET). The site in Beltsville, MD has a complete speciated mercury instrument
with an inletat 10 meters. Anothersite inthe Grand Bay National Research Reservein Grand Bay, MS has a
speciated atmosphericmercury instrument, as well as arange of othertrace gas instruments (NO, NO,,
S0,, CO, O3, black carbon) and standard meteorology instruments. The third site is atthe Mauna Loa Ob-
servatory (MLO) on the island of Hawaii. ARLcurrently operates asingle speciated atmospheric mercury
systemthere, an additional analyzerthat measures GEMonly, an SO, and O; instruments.

Mr. Kelley performs weekly maintenance and repair at the Beltsville, MD site to keep it operating according

to AMNET protocols. One trip in 2015 was made to the Grand Bay, MS site and to our Mauna Loa, Hl site to
repairinstruments and perform calibrations.
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Tekran Hg speciation systems (models 2537B, 1130, 1135) are calibrated by automatic injection of perme-
ation-sourced GEMinto a dry air matrix only through the flow path internal the detector. Standard addi-
tions usingthe Tekran 1120 controllercan also be performed usingthe same internalflow into a matrix of
ambientair. These standard additions are of limited use foranumber of reasons:

e Theyfailto include the quartzRGM denuderand Regenerable Particulate Filter (RPF), two sample
filters, asodalime trap, a number of couplers & valves, and 16m of heated umbilical tubingin flow
path. Any leaks orlosses or conversion of GEM into fictive RGMor FPM in this part of the system
would not be accounted for usinginternal standard additions.

e Anymatrix or environmental effects on the external system would not be accounted for.

e Theinternal standard additions during the GEM sampling period suffer from uncertainty generated
by the pressure difference between the permeation oven and the gold traps (known as the
"Whoosh Effect"). This pressure differenceis a function of flow restrictions in the external system
(i.e.which denuderorRPFis installed, how loaded are the sample filters, how much sodalimeis
packedinthe traps, etc.), as well asthe ambient pressure (altitude) and flow rates.

e Internal standard additions do not correct for changesinthe ratio of 2537B sample flowto 1130
pump module flow.

e TheTekran 1120 controlleris not programmable foranything more than simple repeats of asingle
injection ata fixed interval with afixed injection duration. Back-to-back injections into both Au
traps are not possible.

For these reasons anew standard addition system was constructed using Labviewto monitor the state of
the 2537B detector. The software also provides a GUI for the operator, as well as permitinternal calibra-
tionrequests of the detector. Timing and duration of standard addition valve openings are read froman
array file, whilethe LabView program writes adetailed log file with timestamps to help in post-processing
of data. Permeation flow is switched using athree-way valve at the inlet, with another 2-way valve to flush
the 1/8" PFA tube with argon. This arrangement allows flexibility to generate complex patterns of standard
additions using any combination of sampleand desorb periods, as well asinternal and externalinjection.

Injection Point | Normalized Normalized

Area Slope Area Intercept
Desorb Hour External 0.995 -0.001 0.998 50
Desorb Hour Internal 1.020 +0.008 0.999 40
Sample Hour External 1.023 -0.021 0.997 20
Sample Hour Internal 1.002 +0.076 0.993 60

Table 1. Linear regression of standard addition Hg injection duration (ranging from 30s to 240s) as a func-
tion of net area response. Both net area response and injection duration were normalized by the nearest
calibration.
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Table 1 showsresults from this system obtained overa week of testing at Beltsville, MD. Injection duration
was varied from 30sec to 240sec, while normal calibrations had a fixed 120secinjection durationatanin-
terval of 40hrs. The netarea response of the standard addition was normalized by the netarearesponse of
the nearest calibration. Standard addition injection duration was also normalized by the calibrationinjec-
tion duration of 120sec. Ideally, the linearregression should be aslope of 1.0 and an intercept of 0.0 if the
response of the standard addition matched the internal calibration of the 2537B instrument.

For standard additions during the desorb hour, both the internal and externalinjections had alinear re-
gression slope withintwo percent of unity and incepts within one percent of the neatinternal calibrations;
showingthatthe external glassware and plumbing has nolosses or conversion of GEM under these condi-
tions. Forthe external sample hour standard additions the slope was 2.3% greaterthan the neatinternal
calibrations with aninterceptof -2.1%. The slope of the regression for external sample hour standard addi-
tionsisdependenton the ratio of flows between the pump moduleand the 2537B instrument, and may
reflect changesinthese flow rates. Thisis the only combination of period and injection point thatis de-
pendentonthe ratio of flow rates.

The "whoosh effect" can be seeninthe last row of Table 1 when standard additions were made during the
sample hourand injected internal to the 2537B instrument. Whilethe linear regression slopeisvery close
to unity, the interceptis 7.6% greater than expected. Thisis believed to be a result of the larger pressure
difference between the permeation source manifold and the gold traps. During sample hourabout 8 times
more flow is pulled through the external system as compared to the desorb period. Thisis different than
the situation duringcalibrations when there is a small positive pressure on the supply goingto the gold
traps. At Mauna Loa where the ambient pressureisabout 680mb and the pumps are runningat a higher
speed to maintain flow, thisinterceptis on the order of 100%.

Beltsville, MD Fictive FPM
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Figure 1. Dew Point, ambient and Fictive FPM at Beltsville, MD.
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Figure 1 shows a week of data when eightidentical Hg standard additions were made into the inlet of the
denuderduringalternatingsample hours. Ideally the injected GEM should not generate higher FPMon the
following desorb hour. Under moist ambient conditions thisis the case, howeverat dew points below -18C
the following hour's desorb shows anincrease in FPM. This fictive FPMincreases dramatically starting at
Julianday 44. Asthe dew pointincreases starting atJulian day 46, fictive FPMfalls sharply.

Planned Work

-Continue supportforlong-term Hg monitoring at the three AMNET sites.

-Install atleast one standard addition system at Mauna Loa.

Publications:
None, acknowledged in publications by X. Ren.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers (authored by X. Ren)

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year
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Hyun Cheol Kim
RDRD_AQS_14 & RDRD AQS_15 (4 of 9)

Research Topics

Evaluation of modeled surface ozone biases as a function of cloud cover fraction

A regional air-quality forecast system’s model of surface ozone variability based on cloud coverage was
evaluated using satellite-observed cloud fraction (CF) information and a surface air-quality monitoring sys-
tem. We compared CF and daily maximum ozone from the National Oceanicand Atmospheric Administra-
tion’s National Air Quality Forecast Capability (NOAA NAQFC) with CFs from the Moderate Resolution Imag-
ing Spectroradiometer (MODIS) and the US Environmental Protection Agency’s AirNow surface ozone
measurements during May to October2014. We found that observed surface ozone shows a negative cor-
relation with the MODIS CFs, showingaround 1 ppb decrease for 10% MODIS CF change overthe contigu-
ous United States, whilethe correlation of modeled surface ozone with the model CFsis much weaker,
showingonly ~0.5 ppb per 10% NAQFC CF change. Further, daytime CF differences between MODIS and
NAQFCare correlated with modeled surface-ozone biases between AirNowand NAQFC, showing 1.05 ppb
per10% CF change, implyingthat spatial and temporal misplacement of the modeled cloud field might
have biased modeled surface ozone level. Current NAQFC cloud fields seem to have fewer CFs compared to
MODIS cloud fields (mean NAQFC CF = 0.38 and mean MODIS CF = 0.55), contributing up to 35% of surface-
ozone biasinthe current NAQFC system. This study was published in the Geoscientific Model Development.

OMI NO, column densities over North American urban cities: the effect of satellite footprint resolution

Nitrogen dioxide vertical column density (NO, VCD) measurements via satellite were compared with afin-
escale regional chemistry transport model, using anew approach that considers varying satellite footprint
sizes. Spaceborne NO, VCD measurement has been used as a proxy for surface nitrogen oxide (NO,) emis-
sion, especially foranthropogenicurban emission, so accurate comparison of satelliteand modeled NO,
VCDis importantin determiningthe future direction of NO, emission policy. The NASA Ozone Monitoring
Instrument (OMI) NO, VCD measurements, retrieved by the Royal Netherlands Meteorological Institute
(KNMI), were compared toa 12 km Community Multi-scale Air Quality (CMAQ) simulation from the Na-
tional Oceanicand AtmosphericAdministration. We found thatthe OMI footprint-pixel sizes are too
coarse to resolve urban NO, plumes, resultingin a possible underestimation in the urban core and overes-
timation outside. In orderto quantify this effect of resolution geometry, we have made two estimates.
First, we constructed pseudo-OMI data using fine-scale outputs of the model simulation. Assumingthe
fine-scalemodeloutputisatrue measurement, we then collected real OMI footprint coverages and per-
formed conservative spatial regridding to generate a set of fake OMI pixels out of fine-scale modeloutputs.
When compared to the original data, the pseudo-OMI data clearly showed smoothed signals overurban
locations, resulting in roughly 20—-30% underestimation over majorcities. Second, we further conducted
conservative downscaling of OMINO, VCDs using spatial information from the fine-scale model to adjust
the spatial distribution, and also applied averaging kernel (AK) information to adjust the vertical structure.
Four-way comparisons were conducted between OMI with and without downscalingand CMAQwith and
without AKinformation. Results show that OMIland CMAQ NO, VCDs show the best agreement when both
downscalingand AK methods are applied, with the correlation coefficient R=0.89. This study suggests that
satellite footprint sizes might have a considerable effect on the measurement of fine-scale urban NO,
plumes. The impact of satellite footprint resolution should be considered when using satellite observations
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inemission policy making, and the new downscaling approach can provide areference uncertainty forthe
use of satellite NO, measurements over most cities. This study is accepted to Geoscientific Model Develop-
ment.

The impact of observation nudging on simulated meteorology and ozone concentrations during DIS-
COVER-AQ 2013 Texas campaign

Dr. Kim collaborated with the University of Houston for meteorology and ozone simulation over Houston,
Texas during DISCOVER-AQ campaign. Accurate meteorologicalfields are imperative for correct chemical
transport modeling. Observation nudging, along with objective analysis, is generally considered alowcost
and effective techniquetoimprove meteorological simulations. However, the meteorological impact of ob-
servation nudging on chemistry has not been well characterized. This study involved two simulatio ns to
analyze the impact of observation nudging on simulated meteorology and ozone concentrations during the
2013 Deriving Information on Surface conditions from Column and Vertically Resolved Observations Rele-
vant to Air Quality (DISCOVER-AQ) Texas campaign period, using the Weather Research and Forecasting
(WRF) and Community Multiscale Air Quality (CMAQ) models. The results showed improved correlations
between observed and simulated parameters. This study has been accepted by the journal Atmospheric
Chemistry and Physics.

Publications

Journal publications and submission
1. Kim,H.C,, P.Lee, L. Judd,L. Pan,and B. Lefer, 2015: OMI NO, column densities over North Ameri-

can urban cities: the effect of satellite footprint resolution, Geosci. Model Dev., 8, 8451-8479,
doi:10.5194/gmdd-8-8451-2015, Accepted.

2. Li, Xiangshang, Y. Choi, B. Czader, H. Kim, B. Lefer, and S. Pan: The impact of observation nudging
on simulated meteorology and ozone concentrations during DISCOVER-AQ 2013 Texas campaign, ,
Atmos. Chem. Phys., 16,3127-3144, Accepted.

3. Kim, H.C,, P. Lee, F.Ngan, Y. Tang, H. L. Yoo, and L. Pan, 2015: Evaluation of modeled surface
ozone biases as a function of cloud cover fractions, Geosci. ModelDev., 8, 2959-
2965,d0i:10.5194/gmd-8-2959-2015.

4., Tang,Y., T.Chai,L. Pan,P. Lee, D. Tong, H. Kimand W. Chen, 2015: Using Optimal Interpolation to
Assimilate Surface Measurements and Satellite AODfor Ozone and PM, 5: A Case Study for July
2011, J. of Air & Waste Manag. Assoc., DOI:10.1080/10962247.2015.1062439.

5. Tong,D. Q,, L. Lamsal, L. Pan, C. Ding, H. Kim, P. Lee, T. Chai, K. E. Pickering, |. Stajner, 2015: Long-
term NOx trends over large cities in the United States during the Great Recession: Comparison of
satellite retrievals, ground observations, and e mission inventories, Atmos. Env., 107, 70-84,
doi:10.1016/j.atmosenv.2015.01.035.

Presentations and Posters
1. Kim, H,, P.lee,S.Kim,J. Mok, H. Yoo, C. Bae, B.-U. Kim, Y.-K. Lim, J.-H. Woo, and R. Park, 2015: Sat-
ellite-observed NO,, SO,, and HCHO vertical column densities in East Asia: Recent changes and
comparisons with regional model, 2015 AGU Fall Meeting, San Francisco, CA
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10.

11.

12.

13.

14.

Bae, C., S. Kim, H. Kim, and B.-U. Kim, 2015: Evaluation of Air Quality Forecasting Models with
Flight Measurements during the MAPS-Seoul Field Campaign, 2015 AGU Fall Meeting, San Fran-
cisco, CA (Poster)

Kim, E., S.Kim, C. Bae, H. Kim, and B.-U. Kim, 2015: Evaluation of CMAQ and CAMx Ensemble Air
Quality Forecasts duringthe 2015 MAPS-Seoul Field Campaign, 2015 AGU Fall Meeting, San Fran-
cisco, CA (Poster)

Bae, M., H. Kim, S.Kim, B.-U. Kim, and P. Lee, 2015: Labor Policy, Lifestyle Change and Ozone
Weekend Effectin Seoul Metropolitan Area, Korea, 2015 CMAS conference, Chapel Hill, NC (Poster)
Bae, C., S. Kim, H. Kim, and B.-U. Kim, 2015: Improvement of PM Forecast using PSAT-based Cus-
tomized Emission Inventory over Northeast Asia, 2015 CMAS conference, Chapel Hill, NC

Kim, H., P. Lee, F. Ngan, Y. Tang, H.-L. Yoo, L. Pan, and |. Stajner, 2015: Evaluation of modeled sur-
face ozone biasesas a function of cloud coverfraction, 2015 CMAS conference, Chapel Hill, NC
Kim, E., S. Kim, H. Kim, B.-U. Kim, J.Jo, C. Bae, 2015: Ensemble Approach of Particulate Matter
Forecast overSouth Korea using GFS/WRF and UM Meteorological Models, 2015 CMAS conference,
Chapel Hill, NC (Poster)

Pan, L., H. Kim, P. Lee, Y. Tang, D. Tong, |. Stajner, W. Chen, 2015: Evaluatingfire signal capture ca-
pacity of HMS-Bluesky-SMOKE-CMAQ system in the fire events during Southeast Nexus (SENEX)
field experiment by comparing CMAQ model simulation results with different observation data
sets,, 2015 CMAS conference, Chapel Hill, NC (Poster)

Tong, D., H. Kim, L. Pan, Y. Tang, W. Chen, T. Chai, M. Huang, P. Lee, J. McQueen, J. Huang, H.-C.
Huang, M. Wang, S. Kondragunta, L. Lamsal, K. Pickering, |. Stajner, 2015: Recent Progressin
NAQFC Emission Forecasting, 7™ International Workshop on Air Quality Forecasting Research, Col-
lege Park, MD

Lee, P., T. Tang, J. McQueen, B. Pierce, G. Carmichael, T. Russell, D. NcNider, S. Kondragunta, L.
Pan, . Stajner, T. Chai, D. Tong, H. Kim, M. Liu, S. Lu,J. Wang, J. Szykman, R. Saylor, A. Stein, Y. Liu,
M. Huang, J. Huang, S.-P. Chen, H.-C. Huang, 2015: AQ OSSE, Forecasting & Reanalysis (optimizing
assimilation of column AOT & sfcdata), 7" International Workshop on Air Quality Forecasting Re-
search, College Park, MD

Kim, H., P. Lee, J. Judd, B. Lefer, and L. Pan, 2015: OMI NO2 column densities over North American
urban cities: The effect of satellite footprint resolution, 7t International Workshop on Air Quality
Forecasting Research, College Park, MD

Kim, E., C. Bae, H. Kim, B.-U.Kim, J. Cho, and S. Kim, 2015: Ensemble Particulate Matter Forecast
System over North East Asia/ Korea during 2012-Present, 7™ International Workshop on Air Qual-
ity Forecasting Research, College Park, MD (poster)

You, S., B.-U., Kim, H. Kim, J.-H. Woo, andS. Kim, 2015: Impact of Foreign Emissions on Simulated
OzoneinSouth Korea, 7" International Workshop on Air Quality Forecasting Research, College
Park, MD (poster)

Bae, C., B.-U.Kim, H. Kim, and S. Kim, 2015: Comparison of Air Quality Forecasts over Koreawith
CMAQ and CAMx during 2014, 7" International Workshop on Air Quality Forecasting Research, Col-
lege Park, MD (poster)
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15. Kim, S., C. Bae, E. Kim, B.-U. Kim, H. Kim, J.-H. Woo, C.-K. Song, J.-S. Han, |.-S. Jang, J.-B. Lee,and Y.-
M. Lee, 2015: Improving Air Quality Forecasting system in Korea, 7" International Workshop on Air
Quality Forecasting Research, College Park, MD (poster)

16. Kim, O., B.-U. Kim, H. Kim, and S. Kim, 2015: Influence of Fossil-fuel Power Plant Emissionson the
Surface PM2.5 in the Seoul Metropolitan Area, South Korea, 7™ International Workshop on Air
Quality Forecasting Research, College Park, MD (poster)

17. Kim, H,, P. Lee, S. Kim, F. Ngan, Y. Tang, H. L. Yoo, and L. Pan, 2015: Evaluation of modeled surface
ozone biases as a function of cloud cover fraction, 1°t International Workshop on SLCP in Asia:
Chemistry-climate modelingand its applications, Seoul, Korea (Invited talk)

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

o|lun|fo| o

# of non-peered reviewed papers

# of invited presentations 17

# of graduate students supported by a CICS task

# of graduate students formally advised
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Fong “Fantine” Ngan
RDRD_AQS_14 & RDRD AQS_15 (5 of 9)

Tasks Summary

1. Development and evaluation of WRF-HYSPLIT inline coupling
Background:NOAA/ARL’s dispersion, HYSPLIT, has been coupled (inline) to the Advanced Research WRF
meteorological model. Inthe published paper Ngan etal. (2015), we introduced the inline WRF-HYSPLIT
and demonstrated the inlineapproach was able toimprove the tracerexperiment foracase in the fine
spatial and temporal resolution overacomplex terrain butitdid not provide any advantage over the of-
fline method forthe regional scale dispersion.

Accomplishments:The inline HYSPLIT was upgraded to the latest WRF version (v3.7.1) in which new fea-
tures of PBL schemes that may be beneficial forfine scale meteorological model are available. The model
was further modified that the inline dispersion calculation can be run with WRF decomposed domains. The
CPU associated with the decomposed domaininwhich the particle is located will computethe transport
and mixing of that particle. Communication between CPUs takes place when particles move from the cur-
rentto the neighboring CPU, orat the outputtime step forthe tracer concentrations.

We have transferred the inline HYSPLIT to the WRF model development groupin NCAR. It was tested suc-
cessfullyon NCAR’s machineand generated reasonableresults for test cases in comparing with our results.
An inline WRF-HYSPLIT web page is now available on ARL’s web site ( http://www.arl.noaa.gov/WRF in-
line.php)to provide instructions of using the inline HYSPLIT. The WRF-ARW user web page
(http://www2.mmm.ucar.edu/wrf/users/)also has a link to direct users to the inline HYSPLIT.

Theinline HYSPLIT was applied to anotherfine scale tracer experiment (Project Sagebrush) conductedin
Idahoin October2013. Thetracer for IOP3 wasreleased at 1230 MST in the valley and the sampling net-
work took tracer concentration for 2 hoursin 5 minutesinterval. Inline HYSPLIT showed significant im-
provement compared to the offlineapproach for the Sagebrush case. The fractional bias of the inline
plume was much lowerthan that of the offline plume calculated with different meteorological model reso-
lutions.

2. Support of HYSPLIT modeling by providing WRF-ARW meteorological data
Background: WRF-ARW meteorological model simulations were conducted to create a long-term archive
for driving dispersion applications. The WRF dataset will be availablein ARLformatto provide meteorologi-
cal data compatible tothe HYSPLIT dispersion model. It can also be used for dynamicdownscale providing
initial and boundary conditions for WRF simulations at a finer resolution.

Accomplishments: Adomainin 27-km horizontal grid spacing was configured with 33 vertical layers and
simulations wereinitialized with data fromthe North American Regional Reanalysis. Different PBLschemes
and nudging options were tested to understand the sensitivity of the WRF performance and the subse-
guentimpacts ondispersion calculations. HYSPLIT was set to simulate controlled tracer experiments focus-
ingon regional scale transport and dispersion.

The wind comparison shows that the WRF runs using the YSU, QNSE, and MYNN2 PBL schemes had the
best statistical performance amongall PBLschemes evaluated. However, HYSPLIT runs driven by WRF data
based on the QNSEand MYNN2 PBL schemes show the lowest statistical performances while the top three
scoresfor HYSPLIT results were those using ACM2, UW and GBM PBL schemes. The dispersion results using
nudged meteorology were equal to orslightly betterthan those driven by non-nudged WRF data. A manu-
script summarizing this studyisin preparation for publication.
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Planned Work
. Conduct and evaluate the inline HYSPLIT simulations for other episodes during the Project
Sagebrush tracerexperiment. Furtherdevelop the inline WRF-HYSPLIT to include other capabil-
ities such as Transfer Coefficient Matrix available in the offline HYSPLIT.
. Create a long-term meteorological archive usingthe WRF-ARW model with the configuration
evaluated with past tracer experiments to provide meteorological re-analysis data for HYSPLIT
dispersion modeling.

Peer-Reviewed Publications

Ngan, F., A. SteinandR. R. Draxler, 2015: Inline coupling of WRF-HYSPLIT: model development and evalua-
tion using tracer experiments. J. Appl. Meteor. Climatol.,Vol. 54,1162-1176.

Stein, A., R.R. Draxler, G. Rolph, B. Stunder, M. Cohen and F. Ngan, 2015: NOAA’s HYSPLIT atmospheric
transportand dispersion modeling system. Bulletin of the American Meteorological Society, 96,
2059-2077.

Kim, H. C., P. Lee, F. Ngan, Y. H. Tang, H. L. Yoo and L. Pan, 2015: Evaluation of model surface ozone biases
as a function of cloud coverfraction. Geosci. Model Dev., 8, 2959-2965.

Eslinger, Paul and co-authors (F. Ngan), 2016: International Challengeto Predict the Impact of Radioxenon
Releasesfrom Medical Isotope Production on a Comprehensive Nuclear Test Ban Treaty Sampling
Station. Journal of Environmental Radioactivity, accepted.

Presentations
Ngan, F., A. Stein and R. Draxler, 2015: Inline coupling of WRF-HYSPLIT: model development and
evaluation using tracer experiments. 16th WRF Users’ Workshop, Boulder, CO, NCAR.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

o|lo|lo(m|O|mM|[O]| O

# of undergraduate students mentored during the year
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Li Pan
RDRD_AQS_14 & RDRD AQS_15 (6 of 9)

Task Name Participation in Climate Research Activities at the Air Resources laboratory NOAA
Task Leader  R. R. Dickerson
Task Code RDR-PMFA_13 and RDRD_AQS_14
NOAA Sponsor Air Resources Laboratory, R. Artz
NOAA Office  Oceanic and Atmospheric Research
Contribution to CICS Research Themes (%) Theme 1: 0%, Theme 2: 50%, Theme 3: 50%
Main CICS Research Topic: Climate and Satellite Observations and Monitoring
Contributionto NOAA goals (%) Goal 1: 0%, Goal 2: 80%, Goal 3: 20%,
Highlight:
Research Website

Background

The National Air Quality Forecast Capability (NAQFC) provides air quality forecast and numerical guidance
for issuance of warnings to the publicwhen poorair quality conditions arise. The NOAA/OAR Air Resources
Laboratory (ARL) cooperated with the NOAA National Weather Service (NWS) to support NAQFCin 2015.

Accomplishments

A new NAQFCsystem has beenimplemented in February, 2016. The number of CMAQ vertical layers was
increased from 22 to 35. The thicknesses of vertical layersin the model height from 1000 m to 5000 m
above groundlevel has beenincreased, but CMAQmodel vertical structure below 1000 m, especially for
the layers close to ground, has remained unchanged. This modification prevents high ozone concentrations
due to stratosphere ozone intrusions quickly moving downward to the surface and consequently leading to
model high ozone bias overthe ground. The new NAQFCsystemis coupled with aglobal model NGAC
(NEMS (NOAA Environmental Modeling System) GFS Aerosol Component). NGAC provides CMAQwith a
dynamicboundary condition. Consequently, influence from transboundary aerosolhas beentakeninto
account in NAQFC. Althoughthisisforthe dust componentsonly presently, it willinclude other PMspe-
ciesfromsources such as for wildfire and anthropogenic constituents soon.

Frequently,the occurrence of wild fire eventsis animportantissue in NAQFC. A fire emission evaluation
systemis likewise critical. An evaluation system based on the SENEX field experiment was developed to
assessthe HMS-BlueSky-SMOKE fire emission calculation algorithm used in NAQFC. This systeminvolves
multiple datasets from different observations (ground, airplane, and satellite). We found thatthe current
fire systemin NAQFCis capable of predicting reasonably well fire signalsin the observations. Some missing
eventsappeartobe dueto prescribed small firesand fire plume transboundary transport.

Planned Work
Upgrading PREMAQ to enable CMAQS5.0.2 coupling with NAM;
e Upgradingoperational CMAQversionin NAQFCfrom4.6to 5.0.2;

24-hour CMAQ retrospective runto provide aninitial condition for next 48-hour forecasting;
New BlueSky fire emission in NAQFC;
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Publications

1.

Kim, H. C., Lee, P.,Ngan, F., Tang, Y., Yoo, H. L., & Pan, L. (2015). Evaluation of modeled surface
ozone biases as a function of cloud coverfraction. Geosci. Model Dev. Discuss., 8, 3219-3233, 2015
www.geosci-model-dev-discuss.net/8/3219/2015/ doi:10.5194/gmdd-8-3219-2015.

Tang, Y., Chai,T., Pan, L., Lee, P., Tong, D., (2015), Using Optimal Interpolation to Assimilate Surface
Measurements and Satellite AOD for Ozone and PM2.5: A Case Study for July 2011, the Journal of
the Air & Waste Management  Association,  65.10 (2015): 1206-1216,
doi:10.1080/10962247.2015.1062439.

Huang, Min, D. Tong, P. Lee, L. Pan, Y. Tang, |. Stajner, R. B. Pierce,J. McQueen,and J. Wang. "Toward
enhanced capability for detectingand predicting dust eventsin the western United States: the Ari-
zona case study." Atmospheric Chemistry and Physics 15, no. 21 (2015): 12595-12610.

Tang, Y., L. Pan, P. Lee, D. Tong, D., H. C. Kim, J. Wang and S. Lu. The Performance and Issues of a
Regional Chemical Transport Model During Discover-AQ 2014 Aircraft Measurements Over Colo-
rado. In Air Pollution Modeling and its Application XXIV (pp. 635-640, Chapter 103). ISBN:978-3-319-
24476-1, Springer International Publishing, 2016.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year
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Fire emission evaluation system for HMS-BlueSky-SMOKE algorithm used in NAQFC.
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Xinrong Ren
xinrong.ren@noaa.gov

Task Name Participation in Climate Research Activities at the Air Resources laboratory NOAA
Task Leader  R. R. Dickerson, W. T. Luke, X. Ren (self)

Task Code RDRD_AQS_14 & RDRD AQS_15 (7 of 9)

NOAA Sponsor Air Resources Laboratory, R. Artz

NOAA Office  Oceanic and Atmospheric Research

Contribution to CICS Research Themes (%) Theme 1: 0%, Theme 2: 100%, Theme 3: 0%

Main CICS Research Topic: Climate and Satellite Observations and Monitoring

Contributionto NOAA goals (%) Goal 1: 0%, Goal 2: 80%, Goal 3: 20%

Background

Mercury is a serious environmental toxin. Gaseous elemental mercury (GEM) is observed ubiquitouslyin
the troposphere. The distributions of two other forms of mercury species, gaseous oxidized mercury
(GOM) and particulate bound mercury (PBM), are not well documented. Itis highly desirableto conduct
measurements of avariety of trace gases along with atmospheric mercury to facilitate source identifica-
tion.

Accomplishments:

With the supportfromthis project, Dr. Xinrong Ren has been working primarily on the atmosphericmer-
cury monitoring projectat NOAA Air Resources Laboratory. Below isasummary of the accomplishmentsin
the past year.

(1) Supportof on-goinglong-term atmospheric mercury measurements

Dr. Xinrong Ren provided technical and scientificsupport of weekly maintenance fora long-term atmos-
phericmercury monitoring site located in Beltsville, Maryland. The atmospheric mercury monitoris oper-
ated by NOAA AirResources Laboratory (ARL) according to EPA Atmospheric Mercury Network (AMNet)
protocols. He also provided supportfor the operation of othertwo AMNetsites located in Grand Bay, Mis-
sissippi and Hilo, Hawaii.

(2) Data analyses foratmospheric mercury process studies

Dr. Ren work on the data analysis for the two atmospheric mercury process studies: (1) Inter-annual, sea-
sonal and diurnal variations of atmospheric mercury species and source -receptor correlation the Beltsville
site, and (2) Long-termtrends of atmosphericmercury species at a coastal site in the northern Gulf of Mex-
ico. One paperhas been submitted based on the resultsfromthe first study.

Planned Work

e To continue the monitoring of mercury compounds (GEM, GOM, and PBM) at the three EPA At-
mospheric Mercury Network (AMNet) sites operated by NOAA ARL.
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e To conduct data analysis forthe atmospheric mercury observations at the Grand Bay and Mauna
Loa AMNet sites made overthe past 9 years.

Publications

Peer-reviewed

Ngan, F., M. Cohen, W. Luke, X. Ren and R. Draxler, Meteorological modeling using WRF-ARW modelfor
Grand Bay Intensive studies of atmospheric mercury, Atmosphere, 6, 209-233, doi:10.3390/at-
mos6030209, 2015.

Song, S., Selin, N.E., Soerensen, A. L., Angot, H., Artz, R., Brooks, S., Brunke, E.-G., Conley, G., Dommergue,
A., Ebinghaus, R., Holsen, T. M., Jaffe, D. A, Kang, S., Kelley, P., Luke, W. T., Magand, O., Maru-
moto, K., Pfaffhuber, K. A., Ren, X., Sheu, G.-R., Slemr, F., Warneke, T., Weigelt, A., Weiss-Penzias,
P., Wip, D. C., and Zhang, Q.: Top-down constraints on atmospheric mercury emissions and implica-
tionsforglobal biogeochemical cycling, Atmos. Chem. Phys., 15, 7103-7125, doi:10.5194/acp-15-
7103-2015, 2015.

Brune, W. H., B. C. Baier, J. Thomas, X. Ren, R. C. Cohen, S.E. Pusede, E. Browne, A.H. Goldstein, D. R.
Gentner, F.N. Keutsch, J. Thornton, S. Harrold, F. Lopez-Hilfiker, P. 0. Wennberg, Ozone Produc-
tion Chemistryinthe Presence of Urban Plumes, Faraday Discussions, in press, 2016.

Nowlan, C.R., X. Liu, J. Leitch, K. Chance, G. Gonzalez Abad, C. Liu, P. Zoogman, J. Cole, T. Delker, W. Good,
F. Murcray, L. Ruppert, D. Soo, M. B. Follette-Cook, S. Janz, M. Kowalewski, C. Loughner, K. Picker-
ing,J. Herman, M. Beaver, R. Long, J. Szykman, L. Judd, X. Ren, W. Luke, P.Kelly, and J. Al -Saadi,
Nitrogen dioxide observations from the Geostationary Trace gas and Aerosol Sensor Optimization
airborne instrument: Retrieval algorithm and measurements during DISCOVER-AQ Texas 2013, At-
mos. Meas. Tech. Discuss., 8, 13099-13155, doi:10.5194/amtd-8-13099-2015, 2015.

Nault, B. A., C. Garland, P.J. Wooldridge, W. H. Brune, P. Campuzano-Jost, J. D. Crounse, D. A. Day, J. Dibb,
S. R. Hall, G. Huey, J. L. Jimenez, X. Liu, J. Mao, T. Mikoviny, J. Peischl, I. B. Pollack, X. Ren, T. B.
Ryerson, E. Scheuer, K. Ullmann, P. 0. Wennberg, A. Wisthaler, Li Zhang, and Ronald C. Cohen, Ob-
servational Constraints on the Oxidation of NOx in the UpperTroposphere, J. Chem. Phys. A,
doi:10.1021/acs.jpca.5b07824, 2015.

Pusede, S.E., T. C. VandenBoer, J. G. Murphy, M. Z. Markovic, C. J. Young, P.R. Veres, J. M. Roberts, R. A.
Washenfelder, S.S. Brown, X. Ren, C. Tsai, J. Stutz, W. H. Brune, E. C. Browne, P.J. Wooldridge, A.
R. Graham, R. Weber, A. H. Goldstein, S. Dusanter, S. M. Griffith, P.S. Stevens, B. L. Lefer, andR. C.
Cohen, Anatmosphericconstraintonthe NO, dependence of daytime near-surface nitrous acid
(HONO), Environ. Sci. Technol., doi:10.1021/acs.est.5b02511, 2015.

Aburn, G, Jr., R. R. Dickerson, J. C. Hains, D. King, R. Salawitch, T. Canty, X. Ren, A. M. Thompson, and M.
Woodman, Ground-level ozone: A path forward for the Eastern United States, Environmental
Manager, 20-26, May 2015.

Manuscripts submitted

Ren, X., WinstonT. Luke, Paul Kelley, Mark Cohen, Richard Artz, Mark L. Olsen, David Schmeltz, D. L. Gold-
berg, A. Ring, G. M. Mazzucac, K. A. Cummings, L. Wojdan, S. Preaux, and J. W. Stehr, Atmosp heric
Mercury Measurements ata Suburban Site inthe Mid-Atlantic United States: Inter-annual, Sea-
sonal and Diurnal Variations and Source-Receptor Correlation, to be submitted to Atmos. Environ.,
2016.

Cohen, M. D. R. R. Draxler, R.S. Artz, C. Banic, P. Blanchard, M. Deslauriers, F. Froude, M. Gustin, Y.-J. Han,
T. M. Holsen, D. Jaffe, P. Kelly, H. Lei, C. Loughner, W. Luke, S. Lyman, E. Miller, D. Niemi, J. M.
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Pacyna, M. Pilote, L. Poissant, D. Ratte, X. Ren, F. Steenhuisen, A. Steffen, R. Tordon, B. Wiens, S.
Wilson, Modeling the global atmospherictransport and deposition of mercury to the Great Lakes,
submitted to Elementa, 2016.

Mazzuca, G. M., X.Ren, C. P. Loughner, M., M. Estes, J. H. Crawford, K. E. Pickering, and R. R. Dickerson,
Ozone production andits sensitivity to NOx and VOCs: Results from the DISCOVER-AQField experi-
ment, Houston 2013, submitted to Atmos. Chem. Phys., 2016.

Mok, J., N. A. Krotkov, A. Arola, O. Torres, H. Jethva, M. Andrade, G. Labow, T. F. Eck, Z. Li, R. R. Dickerson,
G, L. Stenchikov, S, Osipov, and X, Ren, Impacts of brown carbon from biomass burning on surface
UV and ozone photochemistry in the Amazon Basin, submitted to Nature Geoscience, 2016.

Zheng, J.,B. Zhang, Y. Ma, X.Ren, M. Chen, Y. Diao, M. Wang, D. Yang, and W. Wang, Strong direct emis-
sions of HCHO from an industrial zone in the Yangzi-River-Delta Region of China, submitted to At-
mos. Environ., 2015.

Barth, M. C., M. M. Bela, A.Fried, P. 0. Wennberg, J. D. Crounse, J. M. St. Clair, N.J. Blake, D. R. Blake, C.R.
Homeyer, W. H. Brune, L. Zhang, J. Mao, X. Ren, T. Ryerson, R. C. Cohen, B. A. Nault, L. G. Huey, X.
LiuandC. A. Cantrell, Convective Transport of Peroxides by Thunderstorms Observed over the Cen-
tral U.S. during DC3, submitted toJ. Geophys. Res., 2015.

Presentations

Ren, X., W. Luke, P. Kelley, M. Cohen, D. Tong, R. Artz, M. L. Olson, D. Schmeltz, Mercury Speciation ata
Suburban Site inthe Mid-Atlantic United States: Seasonal and Diurnal Variations and Source-Re-
ceptor Correlations, International Conference on Mercury as a Global Pollutant, Jeju, Korea, June
14-19, 2015.

Luke, W., X.Ren, P. Kelley, M. Olson, N. Kobayashi, A. Colton, D. Schmeltz, Assessment of Mercury Meas-
urement Fidelity by an Automated Tekran Speciation Unit, International Conference on Mercury as
a Global Pollutant, Jeju, Korea, June 14-19, 2015.

Ren, X., W. Luke, P.Kelley, M. Cohen, J. Walker, R. Cole, R.Artz, and M. L Olson, Long-term Monitoring
of Atmospheric Mercury Species at a Coastal Site inthe Northern Gulf of Mexico, Acid Rain 2015
Fall NADP Meeting and ScientificSymposium, Rochester, NY, October 19-23, 2015.

Luke, W., X.Ren, P. Kelley, M. Olson, N. Kobayashi, A. Colton, D. Schmeltz, Measurement Artifa cts of Gase-
ous Oxidized and Particulate-Bound Mercury ina Commercial Mercury Speciation System, Acid
Rain 2015 Fall NADP Meetingand Scientific Symposium, Rochester, NY, October 19-23, 2015.

Ren, X., S. Sahu, D. Hall, C. Grimm, H. He, R. Dickerson, O.Salmon, A. Heimburger, and P. Shepson, Fluxes of
Greenhouse Gases from the Baltimore-Washington Area: Results from the Winter 2015 Aircraft
Observations

Salmon, O.E., P.B. Shepson, R. M. Grundmanl l, B. H. Stirm, X. Ren, R. R. Dickerson, J. D. Fuentes, Inv estiga-
tion of the Potential Impact of Urban-Derived Water Vapor on Chemistry and Clouds, American Ge-
ophysical Union Fall Meeting, San Francisco, December 14-18, 2015.

Martin, C. R, N. Zeng, X.Ren, R.R. Dickerson, K.J. Weber, B. N. Turpiel, Implementing Environmental
Correctionsto Increase the Accuracy of a Low-Cost CO, Sensor, American Meteorological Society
Annual Meeting, New Orleans, LA, January 10-14.

Ahn, D, J. R. Hansford, R. J. Salawitch, X. Ren, M. Cohen, Barbara Stunder, R. R. Dickerson, Iden tification of
Carbon Dioxide Emission Sources in Baltimore/Washington Metropolitan Area, American Meteoro-
logical Society Annual Meeting, New Orleans, LA, January 10-14.

Hansford, J. R., D. Ahn, R. J. Salawitch, X. Ren, M. D. Cohen, B. Stunder, R. R. Dickerson, Identification of
Methane Emission Sourcesinthe Baltimore-Washington Metropolitan Area, American Meteoro-
logical Society Annual Meeting, New Orleans, LA, January 10-14.
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Performance Metrics

# of new or improved products developed (pleaseidentify below the table) 0
# of products or techniques submitted to NOAA for considerationin operations use 0
# of peer reviewed papers on mercury (total) 2(7)
# of non-peered reviewed papers 0

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

o|lo|o|©

# of undergraduate students mentored during the year
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Youhua Tang

Task Name RRD

Task Leader  YouhuaTang

Task Code RDRD_AQS_14 & RDRD AQS_15 (8 of 9)
NOAA Sponsor ARL

NOAA Office

Contribution to CICS Research Themes (%) Theme 3 100%
Main CICS Research Topic

Contribution to NOAA goals (%)

Highlight

Link to a research web page

Background
My majortask at NOAA Air Resources Laboratory is conducting air quality modeling research, including air
quality re-analysis and support NOAA/NCEP operational air quality forecasting, and model development.

Accomplishments

In 2015, | examined the lightning NOx schemes used inthe currentair quality model, and reviewed their
impact. Most of these schemes, which derived lighting NOx from model convective precipitation rate,
have issues of capturinglightninginthe correctlocation and at the correct time. lalso tested CMAQJ5.1,
the latestversion, andits bidirectional NH; scheme, which generally helps with PM2.5 prediction. All these
efforts are about exploring methods toimprove air quality forecast and analysis. Inorderto supportthe

NCEP's operational air quality forecast, | helped develop the GRIB2 decoderforairquality application.

Planned work

In 2016, | plan to enable GSIto assimilate CMAQ5.1’ species, using both aerosol optical depth (AOD)and
in-situ data. We expect to have a new meteorological preprocessorto replace aged PreMAQ for NCEP op-
erational usage that will require my attention. The performance of current AQforecasting may be im-
proved by the addition of bidirectional NH3 flux with higher spatial resolution.

Publications

Tang, Y., T. Chai, L. Pan, P.Lee, D. Tong, H.-C. Kimand W. Chen. Using Optimal Interpolation to Assimilate
Surface Measurements and Satellite AOD for Ozone and PM2.5: A Case Study for July 2011. Journal
of the Air & Waste Management Association. DOI:10.1080/10962247.2015.1062439, 65(10):1206—
1216, 2015.

Tang, Y., L. Pan, P. Lee, D. Tong, D., H. C. Kim, J. Wang and S. Lu. The Performance and Issues of a Regional
Chemical Transport Model During Discover-AQ 2014 Aircraft Measurements Over Colorado. In Air
Pollution Modeling and its Application XXIV (pp. 635-640, Chapter 103). ISBN:978-3-319-24476-1,
Springer International Publishing, 2016.

Huang, M., Tong, D., Lee, P., Pan, L., Tang, Y., Stajner, ., Pierce, R. B., McQueen, J., and Wang, J., Toward
enhanced capability for detectingand predicting dust events in the western United States: the Ari-
zona case study, Amos. Chem. Phys., 15, 12595-12610, doi:10.5194/acp-15-12595-2015, 2015
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Kim, H. C., P. Lee,, F.Ngan, Y. Tang, H. L. Yoo, and L. Pan, Evaluation of modeled surface ozone biasesas a
function of cloud coverfraction, Geosci. Model Dev., doi:10.5194/gmd-8-2959-2015, 8, 2959-2965,
2015.

Presentations

Youhua Tang, Li Pan, Pius Lee, Jeffery T. McQueen, Jianping Huang, Daniel Tong, Hyun-

Cheol Kim, Min Huang, Dale Allen and Ken Pickering, Comparison of CMAQ Lightning NOx Schemes and
Their Impacts, 14th Annual CMAS Conference, Chapel Hill, NC, Oct 2015.

Youhua Tang, Li Pan, Pius Lee, Daniel Tong, Hyun-CheolKim, Jun Wang, Sarah Lu, The Performance and Is-
sues of a Regional Chemical Transport Model during Discover-AQ 2014 Aircraft Measurements over
Colorado, 34th International Technical Meeting on Air Pollution Modellingand its Application,
Montpellier, France, May 2015.

Youhua Tang, Li Pan, Pius Lee, Daniel Tong, Hyun-Cheol Kim, Min Huang, Jun Wang, Sarah Lu, Jeff
McQueen, and Rick Artz, Multiple Sensitivity Testing for Regional Air Quality Model: Comparison
with Discover-AQ2014. AGU Fall Meeting, San Francisco, CA. Dec 2015.

Li Pan, Pius Lee, Hyun Cheol Kim, Youhua Tang, Daniel Tong, Rick Saylor, lvanka Stajner, WeiweiChen,
Tianfeng Chai and Barry Baker, Evaluating wildfire emissions and assessing theirinfluencesin Na-
tional Air Quality Forecasting Capability (NAQFC) system by comparison with ground, satellite and
flight measurements during Southeast Nexus (SENEX) field experiment, 13th Annual CMAS Confer-
ence, OCT 27-29, Chapel Hill, NC, 2014.

Kim, H., P.Lee, F. Ngan, Y. Tang, H.-L. Yoo, L. Pan, and |. Stajner, Evaluation of modeled surface ozone bi-
ases as a function of cloud cover fraction, 2015 CMAS conference, Chapel Hill, NC. Oct 2015

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

ofoc|jo|lUVn|(A_|N|RIN

# of undergraduate students mentored during the year
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Daniel QuanSong Tong

TASK NAME: Participation in Climate Research Activities at the Air Resources Laboratory
Task Leader Dickerson

Task Code RDRD_AQS_14 & RDRD AQS_15 (9 of 9)

Main CICS Research Topic Climate Research, Data Assimilation and Modeling
Percent contribution to CICS Themes Theme 3, 100%

Percent contribution to NOAA Goals Goal 3, 100%

Highlight: 1) CICS scientists generated high-quality emission products to support day-to-day oper-
ations of NOAA O3 and PM; s real-time forecast; 2) CICS scientists have successfully developed a
new satellite product of marine isoprene; 3) New projects launched to use fused satellite and
ground observations to rapidly update anthropogenic emissions; 4) CICS and NOAA released new
isoprene products to “early adopter” users.

Background

Thiswork is part of the collaboration between NOAA Air Resources Laboratory (ARL) with UMD to advance
climate research. The specifictask is to develop high-quality emission datasets and emission algorithms to
supportthe national air quality forecasting capability (NAQFC) and climate models.

Accomplishments
In the past year, Daniel Tong has completed the following tasks on a 75% part-time schedule:

1. NOAA National Air Quality Forecasting Research and Operation:

Daniel led the team’s efforts to generate high quality emission data products to support day-to-day op-
erations of the NOAA National Air Quality Forecast Capability (NAQFC). Recent years saw dramatic changes
inthe emissions of air pollution across the country, with major events including the eco nomicrecession and
recovery, shale gas drilling, etc. All of these events have impacted air qualityto different extent. Toincorpo-
rate such impactsinto the real-time air quality forecasting system, Daniel has worked with his colleaguesto
vigorously update emission inventories using data collected fromseveral federal agencies. In addition, Daniel
has developed a novel technology, called emission data assimilation, to significantly reduce uncertainty in
the emission dataset. Products generated from this effort include four large datasets required by the Na-
tional Weather Service (NWS) to NOAA air quality forecast operations and research:

a) Operational CONUS Emissions: Generated emission files for the CONUS domain, including 365-D area
source files, 365-D mobile files, ~30 point source files and other ancillary emission files;
b) Experimental CONUS Emissions: Generated the similaremission datasets forthe Experimental run with

CBO5 chemical mechanism (total of ~760files);

c) Operational Hawaii Emissions: Generated emission files for the Hawaii domain, including 365-D area
source files, 365-D mobile files, ~30 point source files and other ancillary emission files;

d) Operational Alaska Emissions: Generated emission files for the Hawaii domain, including 365-D area
source files, 365-D mobile files, ~30 point source files and other ancillary emission files;

2. Satellite Retrieval: Marine emission products from Suomi-NPP VIIRS
Daniel servesasthe Pl to a NOAA Joint Polar Satellite System (JPSS) project that attemptsto develop a
new algorithm to estimate marine isoprene emissions using multiple JPSS ocean productsand NWS global
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meteorology. Built upon several pioneering works that use satellite data to quantify marine and terrestrial
isoprene emissions (Palmerand Show, 2005; Arnold et al., 2009; Gantt et al., 2009), the JPSS algorithm has
beenimprovedinseveral ways. This algorithm considers and integrates more biological and environmental
variables that control oceanicisoprene emissions. Marine isoprene emission is controlled by a number of
environmental variables,including chlorophyll concentration (Broadgate et al., 1997; Shaw et al., 2003), light
intensity (Gantt et al., 2009), phytoplankton speciation (Gantt et al., 2009), sea surface temperature and
wind speed (Wannickhof etal.,1999), biologicaland chemical processes that consumeisoprene inwater and
air (Palmerand Shaw, 2005). Most existingalgorithms considerone or several of these factors, but not all.
Benefitingfromthe timely availability of multiple ocean color products, the JPSS algorithmis able to reflect
the effects of key parameters on the variability in marine isoprene emission. Meanwhile, ourteam has com-
piled acomprehensive dataset from ship measurements of marineisoprene thatare usedto furtherimprove
the parameterization in the algorithm. Finally, this algorithm takes advantage of NOAA in-house global
weather forecasting by incorporating real-time meteorology data to capture the effects of environmental
factors. Figure 1shows the spatial patterns for the produced marine isoprene emission in January, April, July,
and October. Overall, the estimated marineisoprene emissions capture the spatialand temporal features of
marine biogeochemical cycles that are reported in previous studies (Mann and Lazier, 2006; Winder and
Cloern, 2010).

Fig. 1 Spatial distribution of SNPP-VIIRS estimated isoprene emissions over oceans in January, April, July,
and October of 2014.

3. Rapid refreshing of anthropogenic emissions through fused satellite and ground observations
Danielisthe co-Pl (with Pius Lee of NOAA ARL) of a new US Weather Research Program (USWRP) project
that aims at developinga new capability to rapidly update NOAA emission data used todrive NAQFC. The
time laginherentin emissioninventory updatesisabottleneck for NOAA toimprove the accuracy of O ;
and PM, s forecasts. Inaddition, the planned U.S. EPA updates of the 2011 national emission inventories
are expected to cause animmediate set back of NAQFCforecast performance. To alleviate the combined
effects of time lagand change in the basis of emission projections, we propose to develop an emission data
assimilation capability for rapid refreshing of NAQFC NOx emissions. The proposed work is comprised of
three activities: 1) updates of NAQFCemission inventories and CMAQto build arealistic base case; 2) ad-
justment of base emission inventories with fused ground and satellite observations; and 3) evaluation of
the effecton NAQFCforecast performance. This projectis on-going and Daniel is preparing a manuscript to
GRL to reporttheirfindings.
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Planned Work

Continue working on emission modeling research datato support NOAA NAQFC operation;
Continue working on multiple research projects on air quality forecasting, satellite remote sensing
and applications.

Publications

1

Lei, Hang, Julian XLWang, Daniel Q. Tong, and Pius Lee. "Merged dust climatology in Phoenix, Ari-
zona based onsatellite and station data." Climate Dynamics (2016): 1-15.

Tang, Y., L. Pan, P. Lee, D.Tong, D., H. C. Kim, J. Wang and S. Lu. The Performance and Issuesof a
Regional Chemical Transport Model During Discover-AQ 2014 Aircraft Measurements Over Colo-
rado. In Air Pollution Modeling and its Application XXIV (pp. 635-640, Chapter 103). ISBN:978-3-
319-24476-1, SpringerInternational Publishing, 2016.

Dong, X., Fu, J. S., Huang, K., and Tong, D.: Model development of dust emission and heterogene-
ous chemistry within the Community Multiscale Air Quality modeling system and its application
over East Asia, Atmos. Chem. Phys. Discuss., 15, 35591-35643, doi:10.5194/acpd-15-35591-2015,
2015.

Chen, W., D Tong, S Zhang, M Dan, X Zhang, H Zhao, 2015. Temporal variability of atmospheric par-
ticulate matterand chemical composition duringagrowing season at an agricultural site in north-
eastern China. Journal of Environmental Sciences 38, 133-141.

Zhang, X., Q Zhou, W Chen, Y Wang, DQ Tong, 2015. Observation and modeling of black soil wind -
blown erosion from cropland in Northeastern China. Aeolian Research 19, 153-162.

Tong, D.Q., L. Lamsal, L. Pan, C. Ding, H. Kim, P. Lee, T. Chai, and K.E. Pickering, and |. Stajner, 2014.
Long-term NO, trends over large cities in the United States during the 2008 Recession: Intercom-
parison of satellite retrievals, ground observations, and emission inventories, Atmospheric Environ-
ment, 107,70-84, doi:10.1016/j.atmosenv.2015.01.035.

Zhao, H., Tong, D. Q., Gao, C., & Wang, G. (2015). Effect of dramatic land use change on gaseous
pollutant emissions from biomass burningin Northeastern China. Atmospheric Research, 153, 429-
436.

Huang, M., Tong, D., Lee, P., Pan, L., Tang, Y., Stajner, ., Pierce, R. B., McQueen, J., and Wang, J.:
Toward enhanced capability for detecting and predicting dust events in the Western United States:
the Arizona Case Study, Atmos. Chem. Phys. Discuss., 15, 20743-20774, doi:10.5194/acpd-15-
20743-2015, 2015.

Tang, Y., T. Chai, L. Pan, P. Lee, Daniel Tong, H. Kim, and W. Chen, Using Optimal Interpolation to
Assimilate Surface Measurements and Satellite AOD for Ozone and PM, 5: A Case Study for July
2011. Journalof the Air & Waste Management Association, doi:10.1080/10962247.2015.1062439,
2015.

Presentations

1

2.

Daniel Tong, Li Pan, Weiwei Chen, Pius Lee, Hyun-Cheol Kim, Youhua Tang, and Lok Lamsal. 2016.
Rapid refreshing of anthropogenic NOx emissions through assimilating fused ground and satellite
observationsto support NOAA National Air Quality Forecast Capability. The 96™" AMS Annual Meet-
ing, January 10-14, New Orleans, LA.

TongD., Hyuncheol Kim, Li Pan, Youhua Tang, WeiweiChen, Tianfeng Chai, Min Huang, Pius Lee, Jeff
McQueen, Jianping Huang and Ho-Chun Huang, Menghua Wang and Shobha Kondragunta, Lok
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10.

11.

12.

13.

14.

15.

16.

Lamsal and Kenneth Pickering, lvanka Stajner, 2015. RecentProgressin NAQFC Emission Forecast-
ing, The 7™ International Workshop on Air Quality Forecasting Research, September 1-3, 2015, Col-
lege Park, MD.

Menghua Wang, Daniel Tong, Pius Lee, Hang Lei, Li Pan, Global Marine Isoprene Emission Data De-
rived from Satellite Ocean Color Measurements. The 7™ International Workshop on Air Quality Fore-
casting Research, September 1-3, 2015, College Park, MD.

Weiwei Chen, Daniel Tong and Pius Lee, 2015. Global PM10 and PM2.5 emission inventories from
agricultural tilling and harvesting. The 7t International Workshop on Air Quality Forecasting Re-
search, September 1-3, 2015, College Park, MD.

Pius Lee, Youhua Tang, Jeff McQueen, Brad Pierce, Greg Carmichael, Ted Russell, Dick McNider,
Shobha Kondragunta, Li Pan, Ivanka Stajner, Chai Tianfeng, Daniel Tong, Hyuncheol Kim, Mark Liu,
Sarah Lu, Jun Wang, Jim Szykman, Rick Saylor, Ariel Stein, Yang Liu, Min Huang, Jianping Huang,
Sheng-Po Chen, Ho-Chun Huang, 2015. AQ OSSE, Forecasting & Reanalysis (optimizing assimilation
of column AOT & sfc data). The 7" International Workshop on Air Quality Forecasting Research,
September 1-3, 2015, College Park, MD.

Nina Randazzo, Daniel Tong, Pius Lee, Min Huang, 2015. Evaluation of CMAQ prediction of car-

bon monoxide vertical profiles against SENEX. The 7™ International Workshop on Air Quality
Forecasting Research, September 1-3, 2015, College Park, MD.

Daniel Tong, Menghua Wang, Hang Lei, Li Pan, Pius Lee, Brett Gantt, Sarwar Golam, Jeff McQueen,
and lvanka Stajner. Global high-resolution marine isoprene emission derived from VIIRS-SNPP and
MODIS-Aqua ocean color observations. The 14th Annual CMAS Conference, October 5-7, 2015,
Chapel Hill, NC.

Youhua Tang, Li Pan, Pius Lee, Jeffery T. McQueen, Jianping Huang, Daniel Tong, Hyun-Cheol Kim,
Min Huang, Dale Allen, and Ken Pickering. Comparison of CMAQ Lightning NOx Schemes and Their
Impacts. The 14th Annual CMAS Conference, October 5-7, 2015, Chapel Hill, NC.

Pius Lee, Robert Atlas, Youhua Tang, Li Pan, Hyuncheol Kim, Daniel Tong, Sean Casey. Variation in
future observation systems for the global numerical weather prediction systems influencesaccuracy
in regional air quality forecast. The 14th Annual CMAS Conference, October 5-7, 2015, Chapel Hill,
NC.

Min Huang, Li Pan, Pius Lee, Daniel Tong, Youhua Tang, Ivanka Stajner, Jeff McQueen, Ariel Stein,
Julian Wang. Enhancing the Capability for Detecting and Predicting Dust Eventsin the Western US.
The 14th Annual CMAS Conference, October 5-7, 2015, Chapel Hill, NC.

Li Pan, Hyun Cheol Kim, Pius Lee, YouHua Tang, Daniel Tong, IvankaStajner, and WeiweiChen. Eval-
uating fire signals in HMS-Bluesky-SMOKE-CMAQ system during Southeast Nexus (SENEX) field ex-
periment. The 14th Annual CMAS Conference, October 5-7, 2015, Chapel Hill, NC.

Ivanka Stajner, Jeff McQueen, Pius Lee, Ariel Stein, Jinaping Huang, Li Pan, Daniel Tong, Ho-Chun
Huang, Perry Shafran, Jerry Gorline, Phil Dickerson, Sikchya Upadhaya. National Air Quality Forecast
Capability: Towards prediction of fine particulate matter (PM2.5). The 14th Annual CMAS Confer-
ence, October 5-7, 2015, Chapel Hill, NC.

Nina Randazzo, Daniel Tong, Pius Lee, Li Pan, Min Huang, Evaluation of CMAQ predictions of carbon
monoxide surface concentrations and vertical profiles. The 14th Annual CMAS Conference, October
5-7, 2015, Chapel Hill, NC.

Dong, X., J. Fu, K. Huangand D. Tong, Improvement of Dust Modulein CMAQand Implement of Dust
Chemistry. The 14th Annual CMAS Conference, October 5-7, 2015, Chapel Hill, NC.

Huang, M., Tong, D., Lee, P., Pan, L., Stajner, ., 2015. Toward Enhanced Capabilityfor Detecting and
Predicting Dust Events in the Western US. NASA AQAST 9, St Louis, MO, June 2-6, 2015,

Huang, M., Tong, D., Lee, P., Pan, L., Tang, Y., Stajner, ., Pierce, R. B., McQueen, J., and Wang, J.,

165



Volume II: CICS-MD CICS Annual Report 2016

2015. Toward Enhanced Capability for Detecting and Predicting Dust Eventsinthe Western US. The
7" International Workshop on Air

17. Huang, M., Tong, D., Lee, P., Pan, L., Tang, Y., Stajner, |., Pierce, R. B., McQueen, J., and Wang, J.
2015. Enhancingthe Capabilityfor Detectingand Predicting Dust Eventsin the Western US. The 14th
Annual CMAS Conference, October 5-7, 2015, Chapel Hill, NC.

18. Huang, M., Tong, D., Lee, P., Pan, L., Tang, Y., Stajner, |, Pierce, R. B., McQueen, J., and Wang, J.
2015. Dust eventsin Arizona: Long-term satellite and surface observations, and the National Air
Quality Forecasting Capability CMAQ simulations. AGU fall meeting, Dec 2015.

19. Daniel Tong, 2015. VIIRS Marine Isoprene Product: Linking Ocean Phytoplankton to Air Quality and
Climate. STAR JPSS Annual Science Team Meeting, August 24-28, 2014, College Park, MD.

Other
1. Grants Received

a) NOAAJPSS Proving Ground and Risk Reduction Program. Development, validation and imple-
mentations of three marine emission products (Isoprene, Dimethyl Sulfide and Primary Organic
Aerosols) usingmultiple JPSS ocean products, Role: PI. $250,000, 2015-2018;

b) US WeatherResearch Program (USWRP) 2015. Rapid refreshing of anthropogenic NOx emis-
sionsthrough assimilated fused satelliteand ground observations. Role: Co-Pl, with Pius Lee of
NOAA, $128,000, 2015-2016.

c) US WeatherResearch Program (USWRP) 2015. Toward a Unified National Dust Modeling Capa-
bility. Role: Co-1. $230,000, 2015-2016.

d) NASAROSES. Enhanced Dust Indicator (EDI): Guarding against future “Dust Bow!”. Role: Pl. Se-
lected. 2016-2019.

2. Community Services
As one of the local organizers, Daniel helped organize the 7t International Workshop on Air Quality
Forecasting Research (IWAQFR) held on Sept 1-3, 2015 in the NOAA National Center for Weather
and Climate Prediction, College Park, MD. Daniel also served as the session co-chairforthe emis-
sionssession.

3. Release of New Satellite Product
On September2, 2016, Daniel Tongand ARL deputy director Richard Artz organized atown hall
meeting at UMD to announce the release of a new satellite product that depicts marine isoprene
emissions. This product was jointly developed by NOAA ARL, NESDIS/STAR, and academic partners.
Members of the air quality forecasting community and other “early adapter” users participatedin
the town hall meeting. Thisresearch, funded by the Joint Polar Satellite System (JPSS) Proving
Ground and Risk Reduction Program, seeks to support NAQFC-like operations, aswell astoim-
prove climate models and Earth System models, all of which currently use predefined values to
represent ocean-atmosphere exchange. A betaversion of the new product was introduced to the
air quality community at the 7™ International Workshop on Air Quality Forecasting Research held
in College Park, MD from September 1-3, 2015.
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Performance Metrics

# of new or improved products developed (see paragraph 3 above ) 1
# of products or techniques submitted to NOAA for considerationin operations use 0
# of peer reviewed papers 9
# of non-peered reviewed papers 1
# of invited presentations 19
# of graduate students supported by a CICS task 0
# of graduate students formally advised

# of undergraduate students mentored during the year 0

END OF RDRD_AQS_14 & RDRD AQS_15 (1 -9)
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4 Future Satellite Programs

Year 5 GOES-R/JPSS Visiting Scientist Program

Task Leader: Michael J. Folmer

Task Code: EBMF_GOESR_15/ EBMF_JPSS_15 (GOES-R/JPSS Proving Ground Scientist)
Main CICS Research Topics: Future Satellite Programs (GOES-R and JPSS)

Percent contribution to CICS Themes: Theme 1: 20%; Theme 2: 80%; Theme 3: 0%.

Percent contribution to NOAA Goals: Goal 2: 50%; Goal 3: 50%

Highlight: A CICS visiting scientist (VS) has lead the GOES-R and JPSS Proving Ground activities at the NOAA
Centerfor Weatherand Climate Prediction and the Tropical Analysis Branch of the National Hurricane Cen-
ter since May 2011. These proving grounds allow forecasters and researchers the opportunity to evaluate
new satellite technologiesin every day operations.

Background

The Geostationary Operational Environmental Satellite R-Series (GOES-R) and Joint Polar Satellite System
(JPSS) Satellite Proving Ground (PG) is a collaborative effort among the GOES-R Program Office, JPSS Pro-
gram Office, and the National Oceanicand AtmosphericAdministration (NOAA) Cooperative Institutes,
Weather Forecast Offices, National Centers for Environmental Prediction (NCEP) National Centers, and Ex-
perimental Testbeds. The Proving Groundisa projectinwhich proxy GOES-R and JPSS products can be
tested and evaluated before launch of the GOES-Rseriesand JPSS 1 & 2. Proxy GOES-R and JPSS products
are generated using combinations of currently available GOES data and higher-resolution data provided by
instruments on polar-orbiting satellites (e.g., MODIS) and S-NPP as well as model synthetic satellite data.

A full-time visiting scientist (VS) isrequired for the GOES-R and JPSS PG efforts based at the NOAA National
WeatherService (NWS) Weather Prediction Center (WPC), Ocean Prediction Center (OPC), National Hurri-
cane Center (NHC) Tropical Analysis and Forecast Branch (TAFB), and the National Environmental Satellite,
Data, and Information Service (NESDIS) Satellite Analysis Branch (SAB) in College Park, Maryland as part of
the Marine, Precipitation, and Satellite Analysis Proving Ground (MPS PG). The GOES-R and JPSS VS coordi-
nates the evaluation effort, helps facilitate product availability, generates combined reports, trains fore-
casters on product applications, provides feedback to product developers, and coordinates local GOES-R
and JPSS Day 1 Readiness.

Accomplishments

The 2015 demonstrations featured many significant milestonesinthe PG. The overarchingtheme of the
PG was heavy rainfall, explosive cyclogenesis, and fog/low stratus. The Overshooting Top Detection (OTD),
GLD-360 Lightning Density, GOES-R Convective Initiation, CIRA Layered Precipitable Water, and Nearcast
Model were used for convective monitoring and heavy rainfall. The RGB and some convective products
were used foranalyzing and forecasting explosive cyclones. The Fog/Low Status, GeoColor, and Night -time
Microphysics products were used for monitoring and forecasting fog formationin the marine zones of OPC
and TAFB. Many forecastersfound the productsto be beneficialtotheiroperationsand continueto use it
now along with the successful implementation of the Air Mass RGB products. The GOES-14 super rapid
scan operations for GOES-R (SRSOR) have been a major successin the MPS PG since about 2012 and this
continuedinlJune and August 2015. There were many examples of use for diagnosing some heavy rain
events associated with deep convection in the southern U.S. along with some fire monitoring for SAB.
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The following are some projects that were started orcompletedin 2015:

e Some new projects were started in 2015, including some collaboration among OPC, WPC, and AK
regionrelated tointroducing how the centers are utilizing the Air Mass RGB for analyzing hurri-
cane-force extratropical storms. The CICS RA traveled to each of the Weather Forecast Offices
(WFO) inJuneau, Anchorage, and Fairbanks to collaborate with the forecastersand AK region satel-
lite liaisons.

e Himawari-8imagery wasfirstintroduced experimentally to forecastersat OPC, SAB,and WPC in
July 2015 and was made operationally available in early December 2015. A briefintroduction was
provided viasmall training groups and a more robust training sessionisinthe works for 2016.

e TheCICS RAisalsoheavilyinvolvedinthe Satellite Training Advisory Team (STAT) that was assem-
bled to guide the various training partners on the future direction of GOES-R and eventually JPSS
training forthe National Weather Service (NWS).

e |n preparationforHimawari, GOES-R, and JPSS, the CICS RA helped lead ateam that was responsi-
ble forchangingthe satellite paradigm at OPC, SAB, and WPC from the far inferior 30-min temporal
cadence and diminished spatial resolutions to the routine and rapid scan temporal cadences and
improved, native spatial resolutions of GOES-13/15, Meteosat-10, Meteosat-7, MTSAT-2 (decom-
missioned on 12/4/15), and now Himawari-8. By makingthese changes now, the forecasters are
better prepared for GOES-Rand this helps the technical staff gauge what hardware/software con-
figurations willbe needed for GOES-R, JPSS, and other future satellites.

e Finally, the CICSRAand OPC have been hostinginternsthat have studied offshore marine convec-
tion, fogand low stratus in marine zones, hurricane-force extratropical storms, and comparing the
High Resolution Rapid Refresh (HRRR) model lightning threat algorithm against real time lightning
detectioninthe offshore zones.

o X
s
E: -

LTHG 15HIN 15100370800 EXPERIMENTAL Ltng strike density (Coun
151003,/0800 GOES13 IR 10.7

Figure 1: GOES-13 10.7 um Infrared imagery overlaid with the GLD-360 Lightning Density product that was developed
as a collaboration among CICS, NESDIS, and OPC. This example shows the moisture plume (atmospheric river) that
was responsible for the tremendous rainfall observed in SC and NC in early October 2015. Hurricane Joaquin in the
lower portion of the image was responsible for the sinking of the El Faro cargo ship and indirectly contributed moisture
to the aforementioned moisture plume. OPC, SAB, TAFB, and WPC all used the lightning density along with other PG
products to better analyze and monitor the evolution of both systems.
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The main goals of MPS Proving Ground for 2016 are 1) training forecasters to use new products and be-
come much more familiar with Himawari-8in preparation for GOES-R; 2) identifying different applications
for each product; 3) identifying weaknesses or errors for each product; and 4) gathering userfeedback.
The 2016 MPS PG will continue tofocus on convection, explosive cyclones, heavy precipitation, and
fog/low stratus with some new products and expand on the use of multispectral imagery in operations. As
part of the JPSS portion of the PG, additional S-NPP products will be explored. The new Global Precipita-
tion Monitoring (GPM) mission will add another level of supportforthe NOAA satellites program by help-
ingusersunderstand/validate products likethe GOES-R rain rate and cloud properties products. One very
important goal isto transition the PG intothe AWIPS Il era in time forthe OPC operational transition some-
timein FY17, whichincludesintegrating the various GOES-R and JPSS products into the National Centers
Perspectivesothe forecasters can continue to evaluate the productsintheirnew setting. Finally, the CICS
RA will continue to be involvedin the development and roll-out of official NWS GOES-R and JPSS training
followingthe launches of GOES-Rin October 2016 and JPSS-1in January 2017.

Figure 2: The CIRA Layered Precipitable Water product pictured above was new for the 2015 Demonstrations and was
funded as a JPSS project for future improvements. This product was very helpful to SAB during the heavy rain events in
TX and LA in mid-May 2015 as it helped identify the moisture sources and levels of interest. Of all products introduced
to the MPS PG, this one has seen the most positive feedback to date.
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Performance Metrics FY13
# of new or improved products developed N/A
# of products or techniques transitioned from research to ops 6
# of peerreviewed papers 2
# of non-peered reviewed papers 0
# of invited presentations 11
# of graduate students supported by a CICS task N/A
# of undergraduate students supported by a CICS task N/A
Planned Work

e Productsto be Demonstrated asa GOES-R and/orJPSS Proving Ground Activity in the PG:
0 Phasel: Winter (15 Feb— 15 May 2016)

NESDIS Snowfall Rate — new (JPSS, WPC/SAB)
NUCAPS—new (JPSS, all centers)
Fog and Low Stratus — 2" year (GOES-R/JPSS, OPC/TAFB)
GeoColor—2" year(GOES-R/JPSS, all centers)
Nighttime Microphysics RGB — 2" year, new training (GOES-R/JPSS, all centers)
CIRA Layered Precipitable Water — 2" year (GOES-R/JPSS, all centers)
Air Mass RGB — continued (GOES-R/JPSS, all centers)
Dust RGBs — continued (GOES-R/JPSS, SAB/TAFB)

e Dust RGB— EUMETSAT/CIRA

o Pseudo-Natural Color RGB—CIMSS)

e SALSplit-Window —CIMSS)
Ozone Products — continued (JPSS, all centers)

e NUCAPS
e AIRS
o [AS]

GOES-14 SRSOR - continued (GOES-R, all centers)
VIIRS Imagery — continued (JPSS, all centers)

0 Phasell: Convective Season (15May — 30 November 2016)

Atmospheric Motion Vectors —new (GOES-R, all centers)
Daytime Convection RGB—new (GOES-R, all centers)
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= Daytime Microphysics RGB— new (GOES-R, all centers)
= QPE/Rainfall Rate —new (GOES-R, SAB/TAFB/WPC)
=  NUCAPS-new (JPSS, all centers)
= CloudProducts—new (GOES-R/JPSS, all centers)

e CloudTop Temperature

e (CloudTop Height
= GeoColor—2" year(GOES-R/JPSS, all centers)
= AirMass RGB — continued (GOES-R/JPSS, all centers)
= Dust RGBs — continued (GOES-R/JPSS, SAB/TAFB)

e Dust RGB— EUMETSAT/CIRA

e Pseudo-Natural Color RGB—CIMSS

e SAL Split-Window —CIMSS
=  Ozone Products—(JPSS, all centers)

e NUCAPS
e AIRS
o |AS]

= QOvershooting Top Detection —continued (GOES-R, all centers)
= GOES-R Lightning Detection —continued (GOES-R, all centers)
= Convective Initiation —continued (GOES-R, all centers)

= Nearcast— new training (GOES-R/JPSS, all centers)

= GOES-14 SRSOR - continued (GOES-R, all centers)

= VIIRSImagery —continued (JPSS, all centers)

= HimawariBaseline —new (GOES-R, all centers)

e  Work with AWIPS-1l experts to display GOES-R/JPSS products
e Train forecasters on Himawari imagery and prepare for GOES-R/JPSS
e Continue research collaborations with CICS scientists and otheracademicpartners

Publications

Berndt, E. B., B. T. Zavodsky, and M. J. Folmer, 2015: Development and Application of At-
mosphericInfrared Sounder Ozone Retrieval Products for Operational Meteorology, IEEE
Transaction on Geoscience and Remote Sensing, 54(2), 958-967, DOI:
10.1109/TGRS.2015.2471259, http://ieeexplore.ieee.org/xpl/articleDetails.jsp?ar-
number=7265047.

Folmer, Michael J., Mark DeMaria, Ralph Ferraro, John Beven, Michael Brennan, Jaime
Daniels, Robert Kuligowski, Huan Meng, Scott Rudlosky, Limin Zhao, John Knaff, Sheldon
Kusselson, Steven D. Miller, Timothy J. Schmit, Chris Velden, and Brad Zavodsky, 2015: Use
of satellitetools to monitorand predict Superstorm Sandy 2012: Currentand emerging
products, Atmos. Res., 166, 165-181, http://dx.doi.org/10.1016/j.atmosres.2015.06.005.

Presentations (*indicates invited)
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Folmer, M.J., E. Berndt, J. Halverson, J. Dunion, and M. Goldberg, 2015: An
Analysis of the Extratropical Transition of Hurricane Arthur (2014) from a JPSS Proving
Ground Perspective. 2015 American Geophysical Union Annual Meeting, San Fran-
cisco, CA.

Folmer, M.J., 2015: GOES-R Series Program Update and User Readiness. Visitto Eu-
reka, CA WFO.*

Folmer, M.J., J. Sienkiewicz, J. Clark, A. Orrison, D. Novak, J. Kibler, H. Cobb, N. Ramos,
S. Goodman, and M. Goldberg, 2015: Closinginon Launch: How are GOES-R and JPSS
convective proxy products changing the forecast process at the Proving Ground for
Marine, Precipitation, and Satellite Analysis? 40™ Annual National Weather Associa-
tion Meeting, Oklahoma City, OK.

Folmer, M.J., 2015: GOES-R Series Program Update and User Readiness. VisittoJu-
neau, Anchorage, and Fairbanks, AK WFQOs.*

Folmer, M.J., E. Guillot, 2015: Preparingfor GOES-Rand JPSSinthe National Weather
Service. SOO-DOH National Meeting, College Park, MD.*

Folmer, M.J., G. Mandt, S. Goodman, T. Schmit, J. Gerth, and B. Ward, 2015: GOES-R
Series Program Update and User Readiness. Visitto Raleigh, Newport/Morehead City,
and Wilmington, NCWFOQOs.*

Folmer, M.J., G. Mandt, S. Goodman, T. Schmit, J. Gerth, and B. Ward, 2015: GOES-R
Series Program Update and User Readiness. Seminarduring the Flash Flood and In-
tense Rainfall Experiment (FFAIR), NCWCP, College Park, MD.*

Folmer, M.J., G. Mandt, S. Goodman, T. Schmit, J. Gerth, and B. Ward, 2015: GOES-R
Series Program Update and User Readiness. Visitto Sterling, NWS WFO (LWX), Ster-
ling, VA.*

Folmer, M.J,, B. Line, A. Terborg, and A. Schumacher, 2015: Current State of RGB User
Readiness. 2015 NOAA Satellite Proving Ground and User Readiness Meeting, Kansas
City, MO.*

Folmer, M.J,, B. Line, A. Terborg, and A. Schumacher, 2015: Current State of the Geo-
stationary Lightning Mapper User Readiness. 2015 NOAA Satellite Proving Ground and
User Readiness Meeting, Kansas City, MO.*

Folmer, M.J., 2015: How the Satellite Proving Ground is Complimenting OCONUS Ac-
tivitiesat OPCand TAFB. OCONUS Technical Exchange Meeting, Anchorage, AK.*

Folmer, M.J., 2015: The Satellite Proving Ground for Marine, Precipitation, and Satel-

lite Analysis: 2014 Demonstrations. NOAA Testbeds and Proving Grounds Workshop,
Boulder, CO.
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Folmer, M.J., ). Kerkmann, G. Bridge, C. Georgiev, and P. Chadwick, 2015: Applications
of Meteosat Second Generation: Air Mass RGB. Training Seminar at the National Hur-
ricane Center, Miami, FL.*

Folmer, M.J., M. Pavolonis, C. Calvert, S. Lindstrom, S. Bachmeier,
K. Smith, and C. Schultz, 2015: ForecasterTrainingfor GOES-R Fog/Low Stratus Prod-
ucts. TrainingSeminar atthe National Hurricane Center, Miami, FL.*

Folmer, M.J., J. Cangialosi, J. Halverson, E. Berndt, J. Sienkiewicz,

S. Goodman, and M. Goldberg, 2015: The ‘Unusual’ Evolution of Hurricane Arthur
2014: GOES-R and JPSS Satellite Proving Ground Perspective. 951" AMS Annual Meet-
ing, Phoenix, AZ.

Other: Outreach
- Co-mentoringastudentatSaint Louis University (SLU)
- Co-mentoringaPhDstudentatthe University of Alabama-Huntsville (UAH)
- Co-mentoringtwo University of Maryland Interns at OPC
- Visiting WFOs when possible to update on GOES-Rand introduce the MPS PG
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Facilitating Direct CICS Support for Satellite Proving Ground Efforts & Supporting ProbSevere
Development

Task Leader: E. Hugo Berbery

Task Code: EBSR_GOESR_15/EBEB_PGTC_15/EBEB_EPSD_15

NOAA Sponsor: Steven Goodman, Mitch Goldberg, Mike Kalb

NOAA Office: NESDIS- GOES-R /JPSS/ NESDIS-STAR

Contribution to CICS Research Themes (%): Theme 1: 100%; Theme 2: 0%; Theme 3: 0%

Main CICS Research Topic: Future Satellite Programs

Contributionto NOAA goals (%): Goal 1: 25%; Goal 2: 75%; Goal 3: 0%

Highlight: Following nearly threeyears of effort,a NOAAPORT Satellite Broadcast Network (SBN) antenna,
receiver, and server have been installed at CICS-MD. The NOAAPORT will provide nearly identical feeds to
those received at National Weather Service (NWS) offices, allowing CICS-MD to simulate operational envi-
ronmentsforthe firsttime.

Link to a research webpage: http://cicsmd.umd.edu/

Background

The JPSS and GOES-R programs have providedinitial supportfordeveloping a CICS-MD Proving Ground and
Training Center (PGTC). The PGTCis an operational framework that allows CICS-MD to maximize its satellite
PG contributions. Infrastructure is being built to promote sustained interaction between JPSS/GOES -R algo-
rithm developers and end users fortraining, product evaluation, and solicitation of user fe edback. Many
SCSB/CICS-MD scientists develop algorithms that have avariety of operational applications, but these sci-
entists have limited channels for directinteraction with NWS forecasters. The proposed research will help
bridge this gap by supportingan IT expertand several studentliaisons. This effort will broaden the influ-
ence of CICS-MD within the satellite PGs, and bring operational meteorology into the classroom. Target
productsinclude ATMS and SSMIS snowfall rates, regional AMSR-2 products for the OCONUS, and lightning
enhanced precipitation products. The PGTCwill help with additional JPSS product lines being developed by
NESDIS/STAR scientists located adjacent to SCSB/CICS-MD at the NCWCP (e.g., aerosol and fire products).
The proposedresearch will develop satellite education and training materials through e-learning modules,
seminars, weather event simulations, and special case studies. The PGTC seeks to produce graduates with
remote sensing experience ready to staff future NESDIS activities as support contractors and civil servants.

The NOAA/CIMSS ProbSevere modelstatistically integrates satellite-derived, radar-derived, and NWP-de-
rived datato forecast the probability of the first severe weather occurrence in developing thunderstorms.
The statistical model (a naive Bayesian framework) employs multi-scale, multi-sensor object identification
and tracking, and uses temporal trends in satellite fields, radarintensity metrics, and NWP environmental
parameters as predictors. Severe stormreports are integral to the Bayesian framework, limiting current
ProbSevere developmentand implementation to the Contiguous United States (CONUS). CICS-MD has be-
gun workingto investigate how to bestincorporate lightning datainto the ProbSevere model, and explore
its potential as a severe stormindicatorinthe OCONUS.

Accomplishments

e A NOAAPORTSatellite Broadcast Network (SBN) antenna, receiver, and server have beeninstalled
at CICS-MD. The NOAAPORT will provide nearly identical feeds to those received at National
Weather Service (NWS) offices, allowing CICS-MD to simulate operational environments forthe
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firsttime. Thisequipmentisintegral tothe planned CICS-MD Proving Ground and Training Center,
which will promote interactions between scientists, students, and forecasters.

e  AWIPS-II, WDSS-I1, and McIDAS have beenimplemented to visualize real-time and archive data
from satellite-and ground-based sensors.

e AnLDM Serverhasbeen builtto obtain experimental products fromthe other cooperativeinsti-
tutes. Thisserverwill eventually serve out demonstration products, and allowing CICS-MD scien-
tiststo help promote their smooth transition into operations.

e Alocal governance structure has been defined to provide a centralized approach to addressing
many of the common PG challenges facing CICS-MD/STAR scientists. Ourproject management

framework and local governance structure will help ensure project success.

e The ProbSevere portion of this project has increased collaboration between the STAR/CoRP
branches (i.e., CICSand CIMSS). Thisincreased collaboration provides an avenue forsharinglight-
ning data and expertise with CIMSS.

e Several of the individual ProbSevere components have beenimplemented (i.e., McIDAS, WDSS-11,
IDL, MRMS, while afew others have yetto beinstalled (e.g., Geocat).

Figure Caption: SBN Antennaatop the M-Square research building that houses CICS-MD.
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Planned Work

Develop AWIPS-II plug-in Capabilities —AWIPS-II will provide tremendous flexibility for developers
inthe form of plug-ins. These tools can be developed forimplementation at WFOs and National
Centersusingexisting datafeeds.

Continue to advise ShobhaKondragunta (NESDIS/STAR) and Ivan Csiszar (NESDIS/STAR) as they
work to implementtheiraerosol and smoke productsin NWS operations.

Work with Huan Meng (NESDIS/STAR/SCSB)and NASA SPoRT as they investigate the visualization,
training, and gathering of userfeedback regarding the NESDIS/STAR snowfall rate product.
Implementthe Community Software Processing Package (CSPP) —Although the SBN is the main
NWS data distribution tool, other (newer) data sets often must be gathered using different means.
The CSPP provides astandardized means forinteracting with the direct broadcast community, and
thus provides an essential tool for product developers.

Implementthe remaining ProbSevere components and integrate them to compute ProbSevere
probabilities over CONUS (archive and real-time).

Maximize the impact of lightning dataon ProbSevere development

Determine the feasibility of meaningful ProbSevere implementation in the OCONUS

Investigate the usefulness of the GLD360 data within the ProbSevere framework

Intercompare CIMSS ENTLN results with the CICS-MD GLD360 findings

Conduct GOES-R Visiting Scientist travel (John Cintineo, UW/CIMSS) to assistin ourimplementation

of ProbSevere. Additionally, CICS scientist Pat Meyers willbe able to travel tothe AWIPS-II Experi-
mental Products Development Team training at NASA/SPORT in Huntsville, Alabama.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year

N olo|lo|o[Oo|Oo]| ©
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4.1 Scientific Support for the GOES-R Mission

GOES Evapotranspiration (ET) and Drought Product System (GET-D)

Task Leader Christopher Hain
Task Code CHCH_GETD_14
NOAA Sponsor .

NOAA Office X Zhan

NESDIS/STAR/SMCD/EMB

Contribution to CICS Themes (%)
Theme 1: 50%; Theme 2:50%; Theme 3: 0%.

Highlight: We have developed an operational evapotranspiration and drought monitoring System

using GOES Land Surface Temperature product, meteorological data and other ancillary satellite
remote sensing data. The GET-D product has been operational at NOAA OSPO.

Background

The GOES ET and drought product system (GET-D) has been developed and operational at the NOAA Of-
fice of Satellite and Product Operations (OSPQ) in 2016. The GET-D systemis based on a surface energy
balance model specifically adapted for geostationary satellite datato calcu- late the evapotranspiration
(ET) and the potential ET (PET). Primary remote sensing inputs to the Atmosphere-Land Exchange
Inverse (ALEXI) model are time-changesin land-surface tem- perature (LST), hourly down-welling short
and long-wave radiation, and leaf area index. We have spearheaded use of anomalies in the remotely
sensed ET/PET fraction (fPET) generated with ALEXI as a drought monitoring tool that samples varia-
bility in water use, and demonstrating complementary value in combination with standard drought
indices that reflect water supply. ALEXI provides aframework forinterpreting LSTand vegetation index
remote sensing drought signals withinthe contextof a physically based energy balance model. This is the
first ET and drought monitoring data product that are operationally supported at NESDIS from GOES.
Figure 1 presents high-level design and data flow of the GET-D system.

Accomplishments

The GOES ET and drought product system (GET-D) has been developed and operational at the NOAA Office
of Satelliteand Product Operations (OSPO)in 2016. In the past funding cycle, we have finished the system
test, system readiness review, operational readiness review and SPSRB briefing. We also updated the
GETD Algorithm Theoretical Basis Document (ATBD) and rele- vant description documents. The project
deliverables (documentation and software) and mile- stones have been accomplishedas planned. Figure
2 presents an example of 2/4/8/12-week composite of ESI generated from the GET-D sys- tem at 8km
resolution over the North American domain (March 07th, 2016).
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Figure 1. GOES Evapotranspiration and Drought Product (GET-D) system design.

Figure 2. Example ESI composites from the GET-D system
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Planned Work

N/A

Publications

Anderson, M.C., Zolin, C., Hain, C.R., Semmens, K., Tugrul Yilmaz, M., and Gao, F.

2015: Comparison of satellite-derived LAl and precipitation anomalies over Brazil with ather- mal infra-
red-based Evaporative Stress Indexfor 2003-2013, J. Hydrol., 526, 287-302.
http://dx.doi.org/10.1016/j.jhydrol.2015.01.005

Otkin, Jason A., Martha C. Anderson, Christopher Hain, and Mark Svoboda, 2015: Using Tem- poral
Changesin Drought Indices to Generate Probabilistic Drought Intensification Forecasts
J. Hydrometeor, 16, 88—105. http://dx.doi.org/10.1175/JHM-D-14-0064.1

Otkin, Jason A., Mark Shafer, Mark Svoboda, Brian Wardlow, Martha C. Anderson, Christo- pher Hain,
and Jeffrey Basara, 2015: Facilitating the Use of Drought Early WarningInformation through Interactions
with Agricultural Stakeholders, Bull. Amer. Meteor. Soc., 96, 1073-1078
http://dx.doi.org/10.1175/BAMS-D-14-00219.1

Crow,W. T., F. Lei, C. Hain,M. C. Anderson, R. L. Scott, D. Billesbach, and T. Arkebauer, 2016 Robust esti-
mates of soil moisture and latent heat flux coupling strength obtained fromtriple col- location, Geophys.
Res. Lett., 42, http://dx.doi.org/10.1002/2015GL065929 (In Press)

Fang, Li, ChristopherR. Hain, Xiwu Zhan and Martha C. Anderson, 2016: An inter-comparison of soil
moisture data products from satellite remotesensingandaland surface model, Int. J. Appl. Earth Ob-
serv. Geoinf.,http://dx.doi.org/10.1016/j.jag.2015.10.006 (Accepted)

Zhan, X., Chris Hain, Li Fangand ZhengpengLi, GETD Algorithm Theoretical BasisDocument (ATBD), ver-
sion 1.0, 2014

Zhan, X., Hanjun Ding, Chris Hain, Li Fang, ZhengpengLi and Priyanka Roy, GOES Evapo- transpiration

and Drought Product System (GET-D), report prepared for the NESDIS SPSRB Critical Design Review
(CDR), August 21, 2014.

Products

e Software system forthe Atmosphere—Land Exchange Inversion MODEL (ALEXI).
e Software system for GOES Evapotranspiration (ET) and Drought Product System (GET- D).
e Documentationforthe drought monitoringalgorithm and software system.
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Presentations

Chris Hain, M. C. Anderson, J. Otkin, T. R. H. Holmes,and W. T. Crow, Implementing the Re- motely Sensed

Evaporative Stress Index Globally Using MODIS Day/Night Land-surface Tem- peratures, poster in AMS
96th Annual Meeting, New Orleans, LA, 2016

Zhengpengli, C. Hain, L. Fang, X. Zhan, and M. C. Anderson, GOES Evapotranspiration and Drought Prod-
uct System (GET-D), posterin AMS 96th Annual Meeting, New Orleans, LA, 2016

Berbery, E. Hugo, Christopher Hain, Martha Anderson, Xiwu Zhan, JichengLiu, Ralph Ferraro, Robert Adler
and Huan Wu, Consistency analysis of the water cycle from recently derived satel-lite products, AGUFall
Meeting, San Francisco, CA, 12/14/2015 to 12/18/2015.

Holmes, Thomas, Christopher Hain, Richard de Jeu, Martha Anderson,and Wade Crow, Effects and Mit-
igation of Clear Sky Sampling on Recorded Trends in Land Surface Temperature (invit- ed), AGU Fall
Meeting, San Francisco, CA, 12/14/2015 to 12/18/2015.

Holmes, Thomas, Wade Crow, Christopher Hain, Martha Anderson and William Kustas, Micro- wave

based implementationof two source energy balance model to estimate Evaporation, AGU Fall Meeting,
San Francisco, CA, 12/14/2015 to 12/18/2015.

Kustas, William, Martha Anderson, Christopher Hain, John Albertson, Reggio Emilia, Feng Gao, and Yun

Yang, Upscaling and Downscaling of Land Surface Fluxes with Surface Temperature (invited), AGU Fall
Meeting, San Francisco, CA, 12/14/2015 to 12/18/2015.

Performance Metrics

# of new or improved products developed (please identify below the table) 1
# of products or techniques submitted to NOAA for consideration in opera- 0
tions use

# of peer reviewed papers 7
# of non-peered reviewed papers 0
# of invited presentations 6
# of graduate students supported by a CICS task N/A
# of graduate students formally advised N/A
# of undergraduate students mentored during the year N/A

Performance Metrics Explanation

Thisyear, we developed anew 8-km North American domain drought monitoring product (1) and the
product has been operational. Seven peer-reviewed papers were published in 2015 high- lighting the
use of GET-D products. Six presentations summarizing the product and its applica- tions were made at
various scientificconferences and workshops.
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Washington D.C. Lightning Mapping Array Maintenance and Outreach & Real-time Monitoring
of Lightning Detection Network Performance

Task Leader: E. Hugo Berbery

Task Code: EBSR_DCLMA _15, EBSR_RMLD_15

NOAA Sponsor: Steven Goodman, Jaime Daniels

NOAA Office: NESDIS/GOES-R

Contribution to CICS Research Themes (%): Theme 1: 0%; Theme 2: 100%; Theme 3: 0%

Main CICS Research Topic: Future Satellite Programs - Scientificsupport forthe GOES-R Mission
Contributionto NOAA goals (%): Goal 1: 0%; Goal 2: 100%; Goal 3: 0%

Highlight: Several recent projects have helped improve the visibility of the DCLMA and demonstrate its
value for severe weatheranalysis and publicoutreach.

Link to a research webpage: http://cicsmd.umd.edu/

Background

The Washington D.C. Lightning Mapping Array (DCLMA) is a joint demonstration project between the Na-
tional Aeronautics and Space Administration (NASA), National Oceanicand Atmospheric Administration
(NOAA), New Mexico Institute of Mining and Technology, and 10 local site hosts. The DCLMA has been op-
erational since 2007, providing detailed 3D lightning observations thatinform decision makers about the
severe weatherand lightning threats. The network consists of 10 sensors that monitorvery high frequency
(VHF; MHz) radio waves (radiation sources) emitted by lightning. These total lightning observations provide
detailedinsightsintothe structure and evolution of convective storms, and help protect lives and property.
The DCLMA has many uses, including severe storm research, publicsafety outreach efforts, and prepara-
tions forthe planned Geostationary Lightning Mapper (GLM).

Many meteorological applications use lightning observations from both ground- and space-based lightning
detection systems. Asthe number of networks and variety of users expands, it becomesincreasingly im-
portantto understand the detection capabilities of these networks. Both Rudlosky and Shea(2013) and
Rudlosky (2015) evaluated the performance of ground-based lightning detection networks relative to ob-
servations from the Tropical Rainfall Measurement Mission (TRMM) Lightning Imaging Sensor (LIS). The
GOES-R Geostationary Lightning Mapper (GLM) Science Team also has developed several tools forvalidat-
inglightning detection networks. This project will implement real-time lightning monitoring toolsin sup-
port of operational GOES-R GLM users and long-term monitoring requirements. Itthen will compositein-
ter-comparison and validation results from GLM Science Team members and identify the best means for
disseminating this valuableinformation. Finally, it willimprove our understanding of ground - and space-
based lightning detection systems to betterinform scientists and forecasters using these datafor weather
research, modeling, and forecasting applications.

Accomplishments

The DCLMA remained operational with atleast 7sensors reporting during all of calendaryear2015. These
data were shared with operational users and also to develop training materials for National Weather Ser-
vice (NWS) forecasters. Two undergraduate students have been trained to work on the DCLMA sensors,
and also to use the Warning Decision Support System —Integrated Information (WDSS-II)tointerrogate
these dataalongside radarand model observations. This ongoing research uses the DCLMA and Earth Net-
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works Total Lightning Network (ENTLN)along with WDSS-Il which allows visualization and clustering of con-
vective stormsinaninteractive, 3-D graphicdisplay, to provide detailed insights into the structure and evo-
lution of convective storms. We examined specificlightning cases to match lightning paths, heights, and
strike locations with lightning photographs. This projectledto collaborations with the Washington Post’s
Capital Weather Gang and two posts on theirblog.

This projectbegan by delving more deeply into the dataset created by Rudlosky (2015) to investigate the
properties of lightning flashes that were observed by the LIS and those that were not. These results have
been communicated to members of the GOES-R GLM science team to help with theirinvestigation of the
fraction of lightning flashes that come to ground. CICS-MD connected to real-time lightning feeds (e.g.,
NLDN, ENTLN, DCLMA) via a new Satellite Broadcast Network (SBN) antenna. Datafrom private vendorsis
presently provided by commercial software systems that allow for the real-time visualization of these data.
We attended aworkshop in Huntsville, ALto explore lightning validation tools developed by other GLM Sci-
ence Team members. We have begun the process of implementing these toolsin real-time to determine
which validation procedures are best for this purpose.

Planned Work

e Continue collaborations with scientists at the University of Alabama Huntsville and NASA Marshall
Space Flight Center

e Take advantage of new LMA installment at Wallops Island for collaborations and to gain interesting
insights into storms along the Delmarva Peninsula.

e Explore the potential for merging the D.C. and Wallops Island LMAs to cover a largerregion.

e Compile a DCLMA archive and continue to documentsignificant severe weather, lightninginduced
structural damage, and any lightning casualty events

e Supporthourly undergraduate researchers who visit sensors that fail to bringthem back online

e Continue exploring lightning validation tools developed by other GOES-R GLM Team Scientists to
determine which procedures are best suited for real -time implementation.

e Implementselected procedures to compute performance statistics in near real -timefor both the
GOES-R GLM and ground-based networks (e.g., the National Lightning Detection Network - NLDN
and Earth Networks Total Lightning Network - ENTLN).

e Composite these statistics over seasonal and annual periods, and report the findings periodically
through manuscript publications and conference presentations.

e Merge the new procedures with the existing CICS-MD Cal/Val Centerand planned PGTC. These
capabilities willbe developed in conjunction with the STAR/CICS-MD Precipitation Cal/Val Center
and the newly emerging CICS-MD PGTC. Various paths will be explored to determine the optimal
method forsharing these performance statistics with lightning data users.

e Determine the optimalmethod forsharing performance statistics with lightning data users. Data
initially willbe provided viaawebpage modeled afterthe CICS-MD Precipitation Cal/Val Center. As
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the CICS-MD PGTC grows, additional tools will become available for distributing performance sta-
tisticsin nearreal-time. We anticipate that thisinformation will benefit both operational weather
forecasters and numerical modelers.

Presentations
Rudlosky, S., 2015: Lightning Observations and Applications. EUMETSAT Lightning Imager - Geostationary
Lightning Mapper (LI/GLM) Meeting. Rome, Italy, 27-29 May. (Invited)

Kahn, D. and S. Rudlosky, 2016: Capabilities and Limitations of New Lightning Data Setsin Operations, AMS
Annual Meeting, New Orleans, LA, P440.

Other

Douglas Kahn, an UMD/AOSC undergraduate won 3™ place for his presentationin the research to opera-
tions session atthe AMS annual meeting. Thisaccomplishment was even more impressive since he was
competing with graduate students. Keenan Eure, an UMD/AOSC undergraduate was selected foraRe-
search Experience for Undergraduates (REU) program at Colorado State University during summer 2016.
Keenanisalsointhe runningfora coveted spotasa NOAA Hollings Scholar.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

NR=R[=IO[|O|O| O
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Updating CRTM for Supporting GOES-R AWG Applications

Task Leader: Hu Yang

Task Code: HYHY_CRTM_15

NOAA Sponsor:

NOAA Office:

Contribution to CICS Research Themes (%):

Main CICS Research Topic : Future Satellite Programs-Scientificsupport for GOES-R Mission
Contributionto NOAA goals (%)

Background

Preparingforthe incominglaunchof the GOES-R, we willupdatethe current CRTMto accommodate to both
the scientificand operational needs for the future GOES-R applications. For GOES-R algorithm developments,
such activity includes updating the CRTM capability for simulating hot spots, visible channel reflectance for
aerosols and clouds. Meanwhile, the associated look-up-tables (LUT) for clouds, aerosols and precipitations
will be updated with refinements. Moreover, new high-spatial resolution surface emissivity models for IR
wavelength will be developed. To enhance the calibration and validation (CalVal) science activities for the
both GOES-R, CRTM will be extended from the current scalarto vector radiative transfer model. By doing so,
the new vectorversion of CRTM can provide solution of the full Stokes vector with the coupled information.
In addition, we will continue working onimproving the current emissivitymodels of polarized surfaces (e.g.,
ocean and land). Implementing such new surface emissivity models to the vector CRTM will also play a key
role to the instrument CalVal process. This task includes the following parts: Update CRTMto accommodate
to the future satellite applications and new polarized surface emissivity models.

Accomplishments

Cloud waterand ice contents are important for cloud radiance simulation of Community Radiative Transfer
Model (CRTM). Direct and accurate information of different type of cloud particleis expectedto increase the
accuracy of radiance simulation over cloud region. In thisstudy, vertical hydrometeor profiles from the Trop-
ical Rainfall Measuring Mission (TRMM) 2A12 product were used as inputs for CRTM to simulate the Ad-
vanced Technology Microwave Sounder (ATMS) brightness temperature observations at 22 channels over
selected West-North Pacific typhoon cases. Study results show that for cloud type with low cloud water
contentand ice content, the bias between observation and the simulationis similar. To verify the impacts
of discrete dipole approximation model forice particle scattering calculation, the DDA based single particle
scattering look up table developed by Guosheng Liu from FSU was adopted and used in CRTM. Simulation
results show that, compare with traditional Mie scattering look up table used in CRTM, the DDA based sim-
ulation is more closely approach the satellite observation, especially at deep convective region in typhoon
case, where the ice content is high.

For the testing of new scattering coefficient, there are slight differences for ATMS low frequency window
channels 1 to 3 and gas absorption channels 4 to 15. But the differences in millimeter and sub-millimeter
channels 16 to 22 are obvious. Figures1and 2 show the impacts of DDA model. The new scattering coeffi-
cient correct the overestimating of CRTM brightness temperature around deep convective area, but that
also cause more underestimating in the center of typhoon. The impact of typhoon Neoguri is similar to
Rammasun. Overall, the new scattering coefficient also does slight improvements the simulation of other
channels, and the improvement of high frequency channels is more obvious then low channels.
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Figure 1: The simulation of typhoon Rammasunin channel 16 with original coefficient. (a) The ATMS bright-
nesstemperature observation; (b) The simulation of CRTM; (c) The bias distribution of Observationand sim-
ulation; (d) Scatter plot for bias and cloud water and ice contents.

Figure 2: Same as the figure above except fora new scattering coefficient.

Planned work

e Operational software and codes for vector radiative transfer model
e Briefing materials

Products
[1] Software and source code of surface emissivity models for full polarize d radiative transfer
[2] Emissivity data basesfrom SNPP CRIS and VIIRS
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UAH GOES-R GLM Lightning Jump Algorithm: A National Field Test for Operational Readiness

Task Leader Lawrence D. Carey (UAH) and Kristin Calhoun (OU CIMMS/NSSL, Project co-Pl)

Task Code LCLC_GCLM 15

NOAA Sponsor Steven ). Goodman (NESDIS, GOES-R Program Senior Scientist)

NOAA Office GOES-R

Contribution to CICS Research Themes (%) Theme 2: Climate and Satellite Observations and Monitoring
(100%).

Main CICS Research Topic 4. Future Satellite Programs a. Scientificsupport for the GOES-R Mission
Contribution to NOAA goals (%) 1. To understand and predict changesin climate, weather, oceans and
coasts (90%); and 2. To share that knowledge and information with others (10%)

Highlight Lightning Jump Algorithm tested at Hazardous Weather Testbed (HWT) in Spring 2015 across CO-
NUS and will again shortlyin Spring 2016.

Link to a research web page http://hwt.nssl.noaa.gov/ewp/

Background

A fully automated, real-time Lightning Jump Algorithm (LJA) was evaluated forthe second time in the oper-
ational environment of the Hazardous Weather Testbed (HWT) in Spring 2015 and is being prepared for
testingagainin Spring 2016 HWT. The LJA was designed to highlight rapid intensification in thunder storms
preceding severe weather such as tornadoes, hail and straight-line winds at the surface by tens of minutes.
While the GOES-R Geostationary Lightning Mapper (GLM) provides ageneral path to operations forthe use
of continuoustotal lightning observations and the lightning jump concept overahemisphericdomain, the
operational implementation of the LIA pre-GLMin the 2015 HWT experiment was produced using data
from the Earth Networks Total Lightning Network (ENTLN). The addition of ENTLN data allow ed forthe
evaluation of the LUA by forecasters on a daily basis throughout the experiment; this was possible due to
the continental United States coverage of the ENTLN as opposed to the limited range the Lightning Map-
ping Arrays (LMA) that were utilized in the 2014 evaluation period. Whilethe detection efficiency of the
ENTLN islessthanthe LMA, this addition ultimately provided more feedback regarding the algorithm dis-
play, integration within the warning-decision process, and best practices for future implementation. Both
LMA and ENTLN based implementation of the LJA are available fortestingin 2016 HWT. The LUAremained
one of the most highly utilized productsin the warning process forthe 2015 GOES-R proving ground evalu-
ation. We continuedtorefine and expand ourunderstanding of the relationship between radarand light-
ning jump intensity metrics in awide variety of storm types, which provides a physical basis forincorporat-
ingthe jumpinto ProbSevereand other multi-sensor/parameteralgorithms.

Accomplishments

We continue toimprove upon our national test of the LJA at HWT. DuringSpring 2015, we incorporated
Earth Network’s Total Lightning Network (ENTLN) into our real-time algorithms to evaluate UA on a na-
tional scale with no data gaps. Before, we were limited to using total lightning from a handful of regionally
available LMA’s (e.g., Alabama, Colorado, Oklahoma, Texas Panhandle and Washington DC). The addition
of ENTLN to the Spring 2015 NOAA HWT Experimental Warning Program (EWP) all owed the LJAto be
tested more comprehensively by forecasters by increasingthe numberand diversity of severe weather
eventsthat could be interrogated during the program. Feedback from forecasters continues to be positive
and suggestions are beingincorporated into the algorithm. Forexample, updated algorithm code and LA
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products to reflect forecaster feedback and suggestions from Spring 2015 HWT field test have been pre-
paredfor the Spring 2016 evaluation. Anexample of arecentforecastersuggestion wastoincorporate a
visual metricof negative lightning jumps (orrapid decreasesinlightning) that could be related to the weak-
ening of the updraftand subsequent severe weather (e.g., hail core collapse, downburst winds, and in-
creased tornado probability associated with strengthening rear flank downdraft).

We began integration of total lightning and the lightningjump into the ProbSevere algorithm as away to
include lightninginto a multi-sensor “forecaster-over-the-loop” algorithm. Forecaster feedback has shown
that while anintegrated algorithm s desired, the lightning jump algorithm with the inclusion of additional
metadata (e.g., stormflash rate trends) would be a useful algorithm on its own.

We published a peer-reviewed paperon the relationship between radar kinematic, microphysical and in-
tensity parameters andthe lightning jump, paving the way fora better understanding of how to merge ra-
dar and lightning jump intensity metrics (Schultz et al. 2015). We have also submitted anadditional two
peer-reviewed manuscripts that continue to refine our understanding of how the convective updraftisre-
lated to the lightning jump (Schultz et al. 2016a) and how best to configure areal time lightningjump algo-
rithm to maximize forecasting outcomes (Schultz et al. 2016b).

Figure 1. Example of SHAVE and radar Maximum Expected Size of Hail (MESH) verification of the total lightningjump
for a caseover Northern Alabama LMA on 2014-07-08. Lightningjump occurred 25 minutes before the severe hail
occurrence according to SHAVE andalso priortorapidincrease (jump)in MESH and maximum MESH.The lightning
andradar MESH are fairly well correlated in this case (as MESH increased, lightningincreased and both decreased
simultaneously.) Thelarge majority of cases (75%to 80%) followed this behaviour.
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We completed our study of the relationship between radar, lightning jump and severity inalarge number
of 1) tornadicand non-tornadicsupercells (Stough et al. 2015, AGU; Stough 2015, MS thesis) and 2) tor-
nadicand non-tornadicquasi-linear convective systems (QLCS’s) (Williams 2015, MS thesis). Peer-re-
viewed journal manuscripts are in preparation on these topics.

Continuedto extend ourstudy of the relationship between radar, lightning jump and severityinalarge
number of hail storms (about 35-40 so far) using SHAVE cases, LMA and WSR-88D products. We have
foundthat the overwhelming majority of severe SHAVE cases are preceded by alightning jump by 10-20
minutes (e.g., Figures 1, 2). Interestingly, inasmall number of cases, mostly over Colorado and West Texas
LMA’s, the lightning afterthe initial lightning jump actually rapidly decreases or remains constant as the
hail threat (as ascertained by increasing MESH or SHAVE reports) continuestoincrease (Figure 2). We
speculate that this subsequent anti-correlation between lightning rates and MESH/SHAVE after the initial
lightning jump may be due to the effect of wet growth onlarge hail. Wetgrowth would tend to decrease
the efficiency of the non-inductive charging process due to decreased rebounding collisions between hail
and smallice. These decreasesin lightning may be indicative of negative lightning jumps that could be an
additional signatureforforecastersto considerin severe weather nowcasting.

Figure 2. Similarto Figurel except for caseover Colorado LMA on 2014-06-05. Lightning jump leads severe hail by
13 minutes inthis case. Interestingly, after the initialjumpinlightning, the lightning begins to dramatically decrease
duringthe jump in MESH, the subsequent peak in MESH and the continued occurrence of severe SHAVE reports. A
minority of cases (~20-25%) had similarbehaviour. Inallofthese cases, the lightningjump preceded hail on the
ground but the lightning decreased or remained constantas the hail threatcontinued. Itis speculated that inefficient
charging due to wet growth of largehail may be responsiblefor this behaviour. Interestingly, most of these cases oc-
curred in Colorado or West Texas LMA domains.

Planned work
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e Conductfinal, extendedreal-time field test of the LIAin the HWT duringthe GOES Proving Ground
Experiment (Apr 18— May 13, 2016). Evaluationincludeupdates based onforecasterfeedback
from previous experiments, includinganew 5-min product that will be created for 2016 that de-
notes the maximum value of the jump forthe previous 5min.

e Followingasuccessful evaluation, initial plansinclude deployment via the Multi-Radar/ Multi-Sen-
sor. (MRMS) product suite to NWS operations as part of MRMS version 12.

e Incorporate results from Stough (supercell tornado), Williams (QLCS tornado) and Young (hail-
storm) thesesinto UA trainingand methods during HWT 2016. Peer-reviewed papersare also be-
ing pursued forthe Stough and Williams MS theses.

e Complete ourstudy of the relationship between radar, lightningjump and severityin alarge num-
ber of hail storms using Severe Hazards Analysis & Verification Experiment (SHAVE) reports with a
goal of 50-60 cases total. Alex Young will complete his MS thesis on this topicin Spring 2016. We
will pursue a peer-reviewed paperonthis subject.

Publications
Peer-Reviewed

Schultz, C.J., L. D. Carey, E. V. Schultz, and R. J. Blakeslee, 2015: Insightinto the physical and dynamical
processes that control lightning jumps. Weatherand Forecasting, 30, 1591-1621. doi:
http://dx.doi.org/10.1175/WAF-D-14-00147.1.

Schultz, C., L. D. Carey, E. V. Schultz, andR. J. Blakeslee, 2016a: Kinematicand microphysical significance of
lightningjumpsversus non-jumpincreasesin total flash rate. Weatherand Forecasting, submitted.

Schultz, E. V., C.J. Schultz, L. D. Carey, D. J. Cecil, and M. Bateman, 2016b: Automated storm trackingand
the lightning jump algorithm using GOES-R Geostationary Lightning Mapper (GLM) proxy data. Journal
of Operational Meteorology, inrevision.

Student MS Theses

Stough, Sarah, M.S. thesis, 2015: “Exploring the Relationship between Lightning Activity and Rotationin
Supercell Thunderstorms”, University of Alabamain Huntsville, defended August 2015.

Williams, Brett, M.S. thesis, 2015: “Assessing the Utility of Total Lightningand the Lightning Jump to Assist
inthe QLCS Tornado Warning Decision Process”, University of Alabamain Huntsville, defended August
2015.

Products
e LightningJump Algorithm (LUA)using CONUS ENTLN lightning within EWP of HWT.

Presentations
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Joint MITG LI Mission Advisory Group & GOES-R GLM Science Team Workshop, Centro Alti Studi perla Diesa
(CASD), Rome, ltaly, 27-29 May, 2015.

Carey, L. D. et al. (invited), 2015: Lightning jump science and applications.
AMS 37" Conference on Radar Meteorology, 14-18 Sept 2015. Norman, OK,

Carey, L. D.: ARMOR: 10-years of Serving Science and Society, Invited Keynote Speaker, Session 3:
Mesoscale and Severe Weather.
2015 NWA Annual Meeting, 17-22 Oct 2015. Oklahoma City, OK
Calhoun, K. M., D. M. Kingfield E. C. Bruning, T. Meyer, C. J. Schultz, J. Jordan, S. Cobb, G. Stano, E.
Schultz, and L.D. Carey: Total Lightning R20 developmentand evaluationinthe HWTand NWS.
2015 AGU Fall Meeting, 14-18 Dec 2015. San Francisco, CA

Calhoun, K. M. et al. (invited): Looking Forward to the GOES-R Geostationary Lightning Mapper:
Use of Total Lightning Information within Short-Term Forecasts and Hazardous Weather Warnings.
Abstract AE12A-01.

Stough, S., L. Carey, and C. Schultz: Total lightning asitrelates to rotationin supercell thunder-
storms, Abstract AE12A-03.

Other
We advised three UAH graduate students: 1) Sarah Stough (defended MS thesisin August 2015), 2) Brett

Williams (defended MS thesis in August 2015), and 3) Alex Young (expected defense of MS thesisin May
2016).

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

O(fWWIWIO(R|IOf M

The LJA algorithm was improved to incorporate userfeedback and to utilize CONUS-wide ENTLN lightning
data.
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UAH: Toward An Operational Use of Stroke Level Lightning Data in Severe Weather Forecasting

Task Leader Phillip Bitzer

Task Code PBPB_GOESR_15

NOAA Sponsor Steve Goodman

NOAA Office

Contribution to CICS Research Themes (%) Theme 1: 90% Theme 2: 10%

Main CICS Research Topic Future Satellite Programs: Scientific Support for the GOES-R mission
Contributionto NOAA goals (%) Goal 1: 10% Goal 2: 90%

Highlight

Background

Currentresearch usinglightning datain an operational forecasting environment utilizes flash-level data.
While this has provided beneficial informationincludingincreased lead time and reduced false alarm rate
inthe forecasting of severe weather, the instruments that detect lightning do not directly detect flashes —
thisisa derived unitthat canvary by detection systemandthe parameters used tosortthe data into
flashes. Inaddition, not all flashes contribute equally to the electrical energy budget of astorm, further
complicatingthe relationship if lightning with the occurrence of severe weather.

There may be more information ata more fundamental level of lightning data. In particular, the use of
stroke-level data may provide more information in the underlying energetics of storm development. This
work leverages existing space-based optical emission data from the Lightning Instrument Sensor (LIS) to
explore the utility of stroke-level data, using the classification of a group (roughly equivalent to a stroke).
However, LISislow earth orbit, which limits the ability to analyze an evolving storm. To overcome this limi-
tation, thisresearch also uses ground-based instrumentation that is sensitive to stroke level data. Initial
work will relate the ground-based detections to LIS detections to develop a proxy data setfor a dynamic
storm and to demonstrate the differencesinlightning detection fromthe ground and space.

Since the Geostationary Lightning Mapper (GLM), a joint NOAA-NASAinstrument, will provide similarf data
to that of LIS across the Western Hemisphere from geosynchronous orbit, this task provides animportant
step to understandingthe information provided from space-based measurements. Further, this task ex-
plores the detection of continuing current, aknown type of lightning that neutralizes much more charge
than typical lightning discharges.

Accomplishments

Thistask ison-going, yet some important results have already emerged relating ground-based systems to
space-based systems that detect lightning. In particular, acomparison between the ground-based Earth
Networks Total Lightning Network (ENTLN) to the LIS determined that ENTLN detects 26.9% of LIS groups
near North Americaand 13.3% of LIS groups inthe Western Hemisphere. Further, LIS detects 52% of
ENTLN pulses (strokes), and thisislargely domain independent. Animproved methodology utilizing Bayes-
iantechniquesto assessthe detection efficiency of these instruments has been developed to show that, of
all discharges detected by ENTLN and/or LIS near North America, ENTLN detects 41% and LIS detects 81%.
Figure 1 showsthe relative detection efficiency of ENTLN, given a LIS group occurred.
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Figure: The relative detection efficiency of ENTLN, given a LIS group occurred. For the year 2013, ENTLN detected 13.3% of LIS
groups in this domain. Near North America, ENTLN detects 26.9% of LIS groups.

In addition, work onthe occurrence of continuing current lightning using space-based measurements has

foundthat 11% of all flashes contain continuing current. Space -based measurements that detect the opti-
cal signature from lightning are well suited to this determination. Figure 2 shows the global distri bution of
lightning with continuing current, the first such map everproduced. Further, theseflashes are more likely
to occur whenflash rates are relatively low, e.g., over oceanicregions and during winter months.

193



Volume II: CICS-MD CICS Annual Report 2016

Figure: The number of flashes with continuing current detected by LIS from 2002-2013. Overall, 11% of flashes detected by LIS
contain at least seven milliseconds of continuing current.

Finally, work relating ground-based systems such as ENTLN and the Huntsville Alabama Marx Meter Array
(HAMMA) has produced a preliminary model to predict the occurrence of the detection of alightning dis-
charge from a space-based system. The current model successfully predicts a group 75% of the time, witha
false alarmrate of 30%. This modelis currently beingrefined, with the goal of analyzing a entire storm evo-
lution to explore the benefit of utilizing stroke (group) level data.

Planned work
e Refinethe model to predictthe occurrence of aspace-based detection of alightning discharge
e Use the model to analyze a stormevolution
e Exploretechniquestodetermine anomalous lightning behaviorthatindicate a strengthening storm
capable of producing severe weather

Publications

Peer Reviewed:

Bitzer, P. M., Burchfield, J. C., and Christian, H. J. (2016). A Bayesian approach to assess the performance of
lightning detection systems. Journal of Atmosphericand Oceanic Technology, 33(3):563-578.

Submitted:

Bitzer, P. M. (2016). Global distribution and properties of continuing currentin lightning. Geophysical Re-
search Letters, submitted.

Products
Model to predict dateable optical emission from space based on VLF parameters (in development)
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Presentations

Ringhausen, J. and Bitzer, P. M. (2016). A comparison of the VLF waveform and optical emissions using
ground based and spaced based lightning detection methods. Presented at 2016 Meeting of the American
Meteorological Society.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use 0

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task 1
# of graduate students formally advised 1
# of undergraduate students mentored during the year 0
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Technical Support of GOES-R Land Surface Temperature Algorithms and Validation

Task Leader: PengYu

Task Code: PYPY_GOESR_15

NOAA Sponsor: Yunyue Yu

NOAA Office: NESDIS/STAR/SMCD

Contribution to CICS Research Themes (%): Theme 1: 50%; Theme 2: 50%; Theme 3: 0%
Main CICS Research Topic: Scientificsupport forthe GOES-R Missions

Contributionto NOAA goals (%): Goal 1: 40%; Goal 2: 60%; Goal 3: 0%

Highlight

Link to a research web page

Background

Thisreport summarizes the ongoing NOAA project entitled “Technical support for GOES-R land surface
temperature algorithm and validation”. The goal of this projectisto continue performing the tasks deter-
mined atthe AWG land team LST schedule and Validation Plan. Following the successful delivery of the
100% readiness Algorithm Package for ABI LST in September 2010, the revision validation tool delivery in
2013, andthe validation tool package in 2014, the majorworks for FY15 are on the algorithmimprove-
ment, maintenance, continuity of the validation methodology and data collection, and validation tool de-
velopment. The algorithm maintenanceincludes the algorithmintegration at STAR Algorithm Integration
Team (AIT), local environment GOESR LST computation capability, and documentation updates.

The GOES-R launch time approaches, the focus of this period of time has been to getthe retrieval algo-

rithm and validation tool ready for operational use. The validation tool was fine tuned to meetthe opera-
tional requirement. Considering that emissivity is one of the primary input dataand the LST retrieval qual-
ity greatly relies onthe emissivitydata quality, the development of a good quality, dynamicemissivity has
beenresearched andtested. Meanwhile, development of an enterprise LSTretrieval algorithmis ongoing.

Accomplishments

The LST validation and algorithm evaluation tool has been updated and fine tuned to meet the operational
need of the GOES-R LST product. The tool has been combined with the site validation component of the
long term monitoring tool. This component processes LSTs from multiple sensors and outputs matchup
data between each sensor’s LSTand each ground site’s in-situ observations with a unified format. The
matchup data can be directly fed to the validation tool so that preprocessing component of the validation
tool can be replaced and this taskis routinely carried out along with the routine validation of each sensor’s
LST. The tool (Figure 1) will be mainly used forthe LST validation with res pect to different case studies and
evaluates multiple retrieval algorithms.

More than 20 LST retrieval algorithms have been tested with data from different sensors. This serves the
need forthe GOES-R LST retrieval as well asthe future enterprisealgorithm. Asaresult, a new algorithmis
proposedto be the candidate (1).

T, =C+AT, +A (M, —T,)+ Ae+ Ae(Ty, —Ty,) + AAe (1)
Different fromthe current ABI LST algorithm, itincludes an emissivity difference term and replaces the an-
gularterm by retrieval stratification based on different sensor zenith angle ranges. Based on the validation

196



Volume II: CICS-MD CICS Annual Report 2016

results with VIIRS dataand SURFRAD LSTs, it outperformsthe current IDPS surface type algorithm and the
ABI LST algorithm.

A validation and monitoring system has been completed forthe GOES-RLST. It was designed to serve dif-
ferentneedsin different GOES-R LST phases. It consists of three main components, the initial data check,
the routine validation, and the product monitoring. All three components will be run automatically after
the GOES-R launch. The initial data check component checks the main statistics of the retrieved LSTand
generatesreportforeachtime forthe three LST products, Full Disk, CONUS, and Meso scale. The site vali-
dation component validates the ABI LST with SURFRAD in-situ observations on a daily basis, generates
matchup data pairs forvalidation tool, and initiates warning messages to the LST AWG team when anoma-
lies occur. The monitoring component generates LSTimages forvisual inspection of the product. The sys-
temhas been completed and tested with the DOE-3 data. All the results are released at
ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/pyu/LTM/single/GOESR_ABI/. Figure 1shows an example of
the output graphics.

Figure 1. GOES-R LST (DOE-3) Full Disk (Left) and CONUS (Right) at 15:25 Jun. 19, 2015.

To betterserve the emissivity based retrieval algorithm, an emissivity retrieval algorithm has been devel-
opedand tested. Itbased ona staticclimatology field and dynamicinput from VIIRS GVF, snow coverto
generate adynamicemissivity product (Figure 2) for different sensors. This product’s spatial resolution is
0.09° and has a global coverage. It has been used in the evaluation of different LST retrieval algorithms.
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Figure 2. Emissivity product for GOES-R ABI split window bands (March 2013)

The long term monitoring tool has been extended to more sensors, e.g., GOES-West, GOES-East, SEVIRI,
and all results can be found at ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/pyu/. Besides, the SNPP VIIRS
and AQUA MODIS monitoringresults are included in the STARJPSS website (Figure 3) at
http://www.star.nesdis.noaa.gov/jpss/EDRs/products LST.php#.
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Figure 3. STAR JPSS website for SNPP VIIRS LST product monitoring.
As a perfect proxy for GOES-R ABI, the Himawari-8 AHI data has been extensively used to evaluatethe ABI
algorithm. An automaticLST generation tool using ABl algorithm has been established and the outputim-
agescan be found at ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/yrao/AHI _monitoring/. The validation
of this product with differentin-situ observations and comparison with LSTs from othersensors (VIIRS) are
ongoing.

Planned work

e Carry out multiple activities forthe GOES-R operational LST product, including the initial check, the
routine validation and deep dive of the multiple GOES-R LST products at different product phases.

e Work closely with industrial contractors (the vender)forvalidating and maintaining the LST package
that has been delivered to the vender. Make updates when necessary.

e Maintainand fine tune the validation tool with effective satellite to ground data match-up system
and ensure thatit meetsthe need of the GOES-R LST operational production validation

e Continue the satellite and in situ data collection for global data coverage and compare them with
LSTs multiple sensors

e Continue work to evaluateand improvethe performance of the ABI LST retrieval algorithm, including
the operational GOES-R retrieval algorithm and the enterprise LST algorithm

e Update, maintain, and fine tune the emissivity product for GOES-R ABI split window channels

e Maintain and update the multi-sensor LST monitoring and evaluation tool to other sensors

e Update corresponding documents related to the above tasks

Publications
Zhi, H., R. Zhang, F. Zheng, P. Lin, L. Wang, and P. Yu, 2016: Assessment of interannual seasurface sa-
linity variability and its effects on the barrierlayerinthe equatorial Pacificusing BNU-ESM, Adv. At-
mos. Sci., Vol. 33(3), 339-351, doi: 10.1007/s00376-015-5163-y
Liu,Y., Y. Yu, P. Yu, F. M. Gottsche, and|. F. Trigo, 2015: Quality Assessment of S-NPP VIIRS Land Sur-
face Temperature Product, Remote Sensing, 2015, 7(9), 12215-12241, doi: 10.3390/rs70912215

Products
e Emissivity product for GOES-R ABI split window channels.
e UpdatedLST validation and algorithm evaluation tool
e Updatedlongterm monitoring system for multiple satellite sensors

Presentations

Yu.P, Y. VYu,Y. Liu,and H. Wang, Production of Satellite Land Surface Temperature Dataset at STAR,
2015 CICS Annual Science Meeting

Yu, P., Y. Yy, Y. Liu, and H. Wang, Evaluation of Emissivity Explicit Land Surface Temperature Retrieval
Algorithmsfor VIIRS, 2015 STARJPSS Annual Meeting

Liu,Y., Y. Yu, and P. Yu, VIIRS LST Validation with Group Based Measurements, 2015 STAR JPSS Annual
Meeting

Yu, P., Y. Yy, Y. Liu, and Z. Wang, Testing of Emissivity Explicit Retrieval Algorithms for VIIRS Land Sur-
face Temperature, 2015 NOAA Satellite Conference

Liu, Y., Y. Yu, and P. Yu, Quality Assessment and Uncertainty Estimation of S-NPPVIIRS LST Product,
2015 GlobTemp workshop
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Yu, Y, Y. Liu,P. Yu, Y. Rao, and I. Csiszar, Production of Satellite Land Surface Temperature Dataset at
STAR, 2015 NOAA Satellite Conference

Liu, Y., Y. Yu, P. Yu, and Z. Wang, Quality Assessment of Suomi NPP VIIRS Land Surface Temperature
Product, 2015 NOAA Satellite Conference

Yu, P., Y. Yu, Z. Wang, and Y. Liu, A system for satellite LST product monitoring and retrieval algorithm
evaluation, 2015 NOAA Satellite Science Week

Yu, Y., Y. Liu, P. Yu, J. Daniels, Land Surface Temperature Production for GOES-Rand JPSS Missions,
2015 NOAA Satellite Science Week

Yu, Y., Y. Liu, P. Yu, Z. Wang, and I. Csiszar, Issues in Developing and Validating Satellite Land Surface
Temperature Product, 2015 AMS Meeting

Other
Performance Metrics
# of new or improved products developed (pleaseidentify below the table) 3
# of products or techniques submitted to NOAA for considerationin operations use 1
# of peer reviewed papers 2

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year
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Validating GOES-R Land Surface Temperature Product Using Ground Campaign and Station Data

Task Leader: PengYu

Task Code:PYPY_VGLS_15

NOAA Sponsor: Yunyue Yu

NOAA Office: NESDIS/STAR/SMCD

Contribution to CICS Research Themes (%): Theme 1: 50%; Theme 2: 50%; Theme 3: 0%
Main CICS Research Topic: Scientificsupportforthe GOES-R Mission

Contributionto NOAA goals (%): Goal 1: 40%; Goal 2: 60%; Goal 3: 0%

Highlight

Link to a research web page

Background

Thisreport summarizes the ongoing NOAA project entitled “Validating GOES-R Land Surface Temperature
Product Using Ground Campaign and Station Data”. The goal of thisworkisto perform the tasks deter-
mined atland team LST schedule and Validation Plan. The major works for FY15 is on the pre -launch valida-
tion for the GOES-R LST product, including the ground station LST data collection and calibration via na-
tional and international collaboration and ground campaign and the improvement on current validation
method. The ground/field campaign data will be compared to Himawari AHI datain the GOES-RLST valida-
tion tool environment.

The focus of this period of time has been on the test of ABlalgorithm using Himawari-8 AHI data as proxy.
Since the sensorcharacteristics of this sensoris very similarto the one from the future GOES-R ABI, itis
expectedto be extensively used asthe besttest bed for ABI LST retrieval algorithm.

Accomplishments

AHI hasvery similarsensors with the GOES-R ABI. As a perfect proxy forthe ABI, evaluation of the ABI algo-
rithmwith its data is very useful. Based onits spectral response functions, multiple LST retrieval algorithms
have been generated, includingthe GOES-R ABl algorithm listed inthe ATBD and a few otheralgorithm

candidates. The routine LSTvalidation tool has been used to evaluate multiple retrieval algorithms with
AHI data.

In orderto utilize the routine validation tool package for future validation effort, anew component of
using Himawari-8 AHI data as proxy data has been added tothe validation package. Based onthe data
format of Himawari Standard Data User’s Guide and GOES-R ABI LST Algorithm Theoretical Basis Document
(ATBD), several IDLscripts have been writtento pre-process AHI data. These scripts would read original
binary AHI data, calculate geolocation (latitude and longitude) for AHI data, pre-process ancillary dataset
(total precipitable water from NCEP, and emissivity for each channel), calculate satellite zenith angle and
solarzenith angle, calculate satellite land surface temperature from original DN value, and conduct match-
up between satellite dataand ground site data. These scripts have been successfully tested using both
sample dataavailable on JMA website and real Himawari-8 AHI data stored in NOAA NESDIS STAR SCDR.
Figure 1 presentsthe brightnesstemperaturefor AHl channel 14 and channel 15, satellite zenith angleand
calculated land surface temperature using the IDLscriptsinthe routine validation tool package.
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Figure 1. Examples of processed AHI data (a) brightness temperature (BT) of channel 14, (b) BT of channel
15, (c) satellite zenith angle and (d) calculated LST for December 28, 2014, UTC time 0:00.

An automatic AHI LST generation and monitoring system has been established. Itacquires necessary input
data from multiple sources, conducts the LSTretrieval, generates the Full Disk LST graphics, and releasesit
at ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/yrao/AHI monitoring/. The LST retrieval isbased on the
enterprise algorithm (1)

T, =C+AT, +A (T, —T,) + Aje + Ae(T, —Tp,) + AlAe (1)

Figure 2 shows an example graphics of the LSTFD image.
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Figure 2. AHI Full Disk LST at 3:00 (Left) and 15:00 (Right), Mar. 11*, 2016.

AHI LST were compared with the VIIRS LST at multiple regions, including Australiaand Asian areas ( Figure
3). The large difference of the two LSTs at Australiais mainly due to the lack of cloud data.

Figure 3. Scatter plots between the VIIRS LST and AHI LST over Asia (Left) and Australia.
The statisticsis beinganalyzed with respect to different satellite zenith angle ranges, total precipitable wa-

ter conditions, different surface types, and multipleretrieval algorithms. Due to the lack of an official
cloud product, alternative way to screen the potential cloud is being researched.
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In-situ observationsin areas covered by Himawari-8 have been collected and processed, including sites
from BSRN and OZFlux. The study of the characteristics and data quality of these sites and the validation of
AHI LST are ongoing.

Planned work

e Collectand process ground station data covered by Himawari-8 AHI; collect and process the corre-
sponding JMA/AHI data

e Findalternative ways forscreening cloud information for AHI data

e Participate field campaign, collaborating with the NOAA scientists, to measure the in-situ data

e Continuetocollectandidentify potential field measurements, and examine feasibility of current
field data

e Evaluate the ABILST algorithm through comparisons of the AHI LST (conducted fromthe ABLLST
algorithm) with LSTs from other sensors and available in-situ observations

e Appliesthe enterpriseLSTretrieval algorithm for AHI data

Publications
Separate peerreviewed from non-peerreviewed —only for period covered in report

Products
e ABI-like AHI LSTretrieval and monitoring system
e AnupdatedLSTroutine validation tool which incorporated the AHI data.

Presentations
Yu. P, Y.Yu, Y. Liu,and H. Wang, Production of Satellite Land Surface Temperature Dataset at STAR,
2015 CICS Annual Science Meeting
Yu, P., Y. Yu, Y. Liu, and H. Wang, Evaluation of Emissivity Explicit Land Surface Temperature Retrieval
Algorithmsfor VIIRS, 2015 STARJPSS Annual Meeting
Yu, P., Y. Yu, Z. Wang, and Y. Liu, A system for satellite LST product monitoring and retrieval algorithm
evaluation, 2015 NOAA Satellite Science Week

Performance Metrics

# of new or improved products developed (pleaseidentify below the table) 2

# of products or techniques submitted to NOAA for consideration in operations use

# of peer reviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task 1

# of graduate students formally advised
# of undergraduate students mentored during the year
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Development of Algorithms for Shortwave Radiation Budget from GOES-R

Task Leader  Rachel Pinker

Task Code RPRP_DASR_14, RPRP_DASR_15

NOAA Sponsor Jaime Daniels

NOAA Office NOAA/STAR

Contribution to CICS Research Themes (%) Theme 2: 100%

Main CICS Research Topic Future Satellite Programs: Scientific Support for GOES-R Mission
Contributionto NOAA goals (%) Goal 1: 100%

Highlight: We have developed and tested narrow-to-broadband transformation coefficients based on sim-
ulated ABI data in preparation foractual ABl observations.

Link to a research web page: In preparation

Background

Under the GOES-R activity, new algorithms are being developed to derive surface and Top of the Atmos-
phere (TOA) shortwave (SW) radiative fluxes from the ABI sensor. This project supports the development
and testing of the STAR effort. Specifically, scene dependent narrow-to-broadband (NTB) transformations
and angulardistribution models (ADMs) are developed to facilitate the use of observations from ABI. The
NTB transformations are based on theoretical radiative transfer simulations with MODTRAN -3.7 using 14
land use classifications based on the International Geosphere-Biosphere Programme (IGBP). The ADMs are
a combination of MODTRAN-3.7 simulations and the Clouds and the Earth’s Radiant Energy System (CERES)
(Loeb et al., 2005) observed ADMs. The radiative transfer simulations provide information that fillsin gaps
inthe CERES ADMs. Duringthe currentreporting period the NTB transformations and ADMs have been de-
veloped using ABl simulated datain preparation forthe use of actual ABl observations. The algorithms
were delivered tothe AWGfor testingand incorporation by the AlTteam.

Accomplishments
Followingkey areas were the focus of research during 2015.
0 Algorithm development using ABI real-time proxy data
0 Selection of optimal ABI channel combinations
0 Computing ABI NTB coefficients for multiple viewing angles
0 Producing TOA radiative fluxes with ABI real-time proxy data

1 Algorithm development using ABI real-time proxy data

Geo-location of ABl data

We worked with the simulated ABI data as available from ftp://ftp.ssec.wisc.edu/ABI/REALTIME PROXY.
We shared a code from the NOAA ABI group to geo-locate the
data and calculate the satellite and solarzenith and azimuth
anglesthatare necessary forcomputing TOA flux estimates.
We have overcome problems with netCDF libraries required to
run the code, and successfully calculated the anglesand geo-

Figure 1: Simulated ABI radiances from
1800 UTC on 12/24/14.
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located the data. An example of simulated ABI radiances from 1800 UTC on 12/24/14 isshownin Figure 1.

Separate clear-sky from cloudy-sky cases so the proper NTB coefficients and ADMs can be applied

We investigated different methods for making the clear/cloudy determination. A cloud screening algorithm
for ABlis available. Another optionis to modify our GOES cloud screening methodology for ABI, forgener-
ating the radiative fluxes from ABI proxy data.

2 Selection of optimal ABI channel combinations

At our meeting with the NOAA ABI group we discussed strategies for ensuring the quality of the ABI nar-
row-to-broadband coefficients. One ideawas to select the optimal channel combinationsto use inthe
same mannerthat we selected the MODIS channels. There are 6 visibleand near-IR ABl channels that can
be usedinthe radiative flux calculations, as shownin Table 1.

Table 1. ABI Visible and NIR channels.

Channel Spectral Band
1 0.590-0.690
2 0.846-0.885
3 0.450-0.490
4 1.371-1.386
5 1.580-1.640
6 2.225-2.275

We followed the procedure we used previously to select optimal MODIS channels by calculating the Resid-
ual Standard Deviation (RSD) for all of the channel combinations (Table 2) and selecting the combinations
that minimized this quantity. RSDis defined as:

RSD — \/Z (Lo — szt
n-2

Where p,, is the “true” broadband reflectance by usingintegration calculation from radiance; pgff isthe

“estimated” broadband reflectance using regression equation; and nis the sample size. Inthe case of
MODIS, the optimal channel combination for clear-sky andice clouds differed from the optimal combina-
tionfor watercloud. Therefore, two combinations were selected and applied based on the sky condition.
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Table 2. Channel combinations of ABl visible and NIR bands
Combination 1 2 3 4 5 6
Bands 1+2 1+2+3 1+2+4 1+2+5 1+246 1+2+3+4
Combination 7 8 9 10 11 12
Bands 1+2+3+5 1+2+3+6 1+2+3+4+5 1+2+3+4+6 1+2+3+5+6 1+2+3+4+5+6
3 Computing ABI NTB coefficients for multiple viewing angles

Ourinitial delivery of NTB coefficients computed with the ABI spectral response functions were stratified
by solarzenith angle only. We have re-run the regressions between broadband and narrowband albedos to
stratify the coefficients by viewing and azimuth angles as well. These following have been delivered to
STAR:

e coef.abi.clear.all.txt—Contains ABI NTB coefficients stratified by solarzenith angle and all viewing
anglesfor12 surface types underclear conditions

e coef.abi.cloud.altrostratus.all.txt - Contains ABI NTB coefficients stratified by solarzenith angle
and all viewing angles for 4 surface types foraltostratus clouds with 5 different cloud optical depth
(COD) categories

e coef.abi.cloud.ice.all.txt - Contains ABI NTB coefficients stratified by solar zenith angle and all
viewingangles for4 surface typesforice clouds with 5 COD categories

e coef.abi.cloud.water.all.txt - Contains ABI NTB coefficients stratified by solar zenith angle and all
viewingangles for 4 surface types for water clouds with 11 COD categories

All files containthe NTB coefficients for the 6 ABI visible/near IR channels. Some of the coefficients for
channels 5 and 6 have large values, particularly for the highest solarzenith angle (87.5°). Furthertesting
will be needed todetermineifitisadvisable touse all 6 channels.

4 Producing radiative fluxes with ABI real-time proxy data

Several steps are needed to develop the code to produce top-of-atmosphere (TOA) shortwave radiative
fluxes usingthe simulated ABI radiance data available at ftp://ftp.ssec.wisc.edu/ABI/REALTIME PROXY.

In the input/output module, we added a subroutine to read in the IGBP surface type data. Thisinformation
isnecessary forapplyingthe ADMs and NTB transformation coefficients. We have re -mapped IGBP surface
classifications over CONUS at 2-km ABI grid (Figure 2). The International Geosphere-Biosphere Programme
(IGBP) land classification is used as data source. The datasetis at 1/6 degree resolution andincludes 18 sur-
face types. We have completed the conversion of 1/6 degree resolution to the ABIis 2-km grid over CONUS
using nearestgrid method. The method is assigning surface type forthe 2-km grid fromiits closest 1/6 de-
gree box. Surface classification on this 2-km grid furtherregrouped to IGBP 12 types. The Clouds and
Earth’s Radiant Energy (CERES) Angular Distribution Models (ADM) clear sky uses 6 classifications which are
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derived from IGBP 12 types. The Narrow to Broadband (N2B) transformation for cloudy sky uses 4 surface
typesandalso derived from IGBP 12 types.

We developed amodule thatappliesthe ADMs and NTB coefficients to the ABl radiances. We have made
some modifications specificto ABI. One issue we need to addressis obtaining the cloud optical depths
(CODs) necessary toimplementthe code. The simulated ABI cloud optical depth (COD) data were down-
loadeditfromthe NOAA/STAR ftp server. The ADMs and the ABI NTB coefficients are stratified by COD for
cloudy sky cases.

Figure 2: Re-mapped IGBP surface classifications over CONUS at 2-km ABI grid.

Planned Work

e Completion of testingroutine and deep dive product validation "tools" for RSR fromindirect path
algorithm with ABlI simulated and AHI data.

e Generationandanalysis of Level-2 products using routinely available simulated ABI radiance da-
tasets.

e Developmentof new simulations for utilizing H-8/AHI data. Used will be atmosphericprofiles
(ECMWEF 137-level profiles) torepresent global and seasonal variability to be selected froma collec-
tion of 25,000 atmospheric profiles extending from surface upto 0.01 hPa.

e Utilization of available cloud products generated for ABl to allow validation against clearand cloudy
conditions from CERES; if CERES data not available for ABI/H-8/AHI overlap, use will be made of the
FLASHFlux product of near real-time TOA radiative fluxes as provided at http://flash-
flux.larc.nasa.gov/
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e Support GOES-R Program Data Operations Exercises (DOEs), especially DOE-4 data, via verifica-
tion/inspection of Level-2 product output and exercising/demonstrating product validation tools,
and supportthe GOES-R Ground Segment Project with the reviewing of applicable GOES-R Product
User Guide (PUG) documents as relevant to RSR.

e Maintain/update indirect-path RSR algorithm by applying and testing new narrow-to-broadband
coefficients developed for AHl and ABI; and deliver updates to RSR algorithm software and/or data
interfaces to STARteam.

e Update of documentation of routine RSR validation tools, as necessary, and ATBD with description
of latest narrow-to-broadband coefficients.

e Participate inIntensive Post-launch validation of L2 Radiation Budget product.

Products
1. ABI NTB coefficients for multiple viewing angles

Narrow-to-broadband transformation coefficients derived with ABI spectral response functions for the fol-
lowing conditions:
e Water cloudsfor4 surface types (water, land, desert, and snow/ice)at 11 cloud optical
depths (CODs)
e Altostratus cloudsfor4 surface types (water, land, desert, and snow/ice) at 5 CODs
e Cirruscloudsfor 4 surface types (water, land, desert, and snow/ice) at 5 CODs
e Clear-skyfor12 surface types (water, needle-leaf forest, wooded grassland, closed shrub
land, openshrubland, broadleaf forest, mixed forest, woodland, grasslands, cropland, de-
sert, and snow/ice)
The following questions came up from STAR regarding the previous deliveries of NTB coefficients.
Answersare denotedinred.

(1) STAR got twofilesforaltostratus, coef.abi.cloud.altostratus.solarand coef.abi.cloud.altostratus.all. The
firstone has only solarzenith angle (SZA) dependence (SZA-only), the other has dependence on all angles
("ALL-angles"). These have different number of solarzenith angle bins. "SZA-only" has 7 SZAs (12.9, 30.8,
41.2, 48.3, 56.5, 63.2 and 69.5), while "ALL-angles" has 10 SZAs (all the SZAsin "SZA-only" plus 75.5, 81.4,
and 87.2). We are wonderingwhy?Isitby design? Or, maybe we gotonly a partial file of "SZA -only"?

Answer:

Thiswas not by design. We discovered the cause of this problem, anditappears the wrong number of
SZAs were usedin the files coef.abi.cloud.water.solar.txt and coef.abi.clear.solar.txt as well. The file
coef.abi.cloud.cirrus.solar.txt has the correct number of SZAs. The coefficients were regenerated so the
complete set of coefficients forall of the files that had missing dataare rovided.

(2) What are the 6 view zenith angle (VZA) values? Are they VZA /11.44, 26.1, 40.3, 53.7, 65.9, 76.3/?
Are therows inthe file correspondtoVZAin thisorder(increasing order?)

Answer:

Yes. The VZAs have the values listed here (andinthe ATBD) and in the file they are presented inincreasing
order.
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(3) What are the 8 relative azimuth angle (RAZI) values? Are they RAZI / 1.91, 9.97, 24.18, 44.02, 68.78,
97.55, 129.31, 162.89/?
Are the columnsinthe file correspond to RAZIin this order (increasing order?)

Answer:
Yes.The RAZIs have the valueslisted here (alsointhe ATBD) and in the file they are presentedinincreasing
order.

2. ATBD
We have updated the ATBD to include information about testing with proxy ABI data.

This month we have updated the NTB coefficients as submitted previously; they contained the NTB coeffi-
cientsstratified by SZA only forclearsky and 3 cloud types: water, altostratus, and cirrus. There was an er-
ror where we only printed out the coefficients forthe first 7SZAs instead of all 10. The attached files con-
tainthe updated coefficients.

When the spectral response functions (SRFs) for ABl became available, we generated new NTB transfor-
mation coefficients produced with these SRFs. We delivered new coefficients for clear-sky conditions with
12 surface typesandfor 3 types of clouds over4 surface types with up to 11 cloud optical depths (CODs),
as describedinthe “Products” section below.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for consideration in operations use

# of peerreviewed papers

# of non-peered reviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

RrlO|O|lOCO|OCO|O|O| K
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4.2 Scientific Support for the JPSS Mission

Analysis of an Observing System Experiment for the Joint Polar Satellite System

Task Leader Stephen Lord

Task Code SLSL_NWS_16 (Part 1 of 3)

NOAA Sponsor Dr. MingJi

NOAA Office NWS Office of Science and Technology Integration

Contribution to CICS Research Themes (%) Theme 1: 0%; Theme 2: 70%; Theme 3: 30%

Main CICS Research Topic Future Satellite Programs (Scientificsupport for the
JPSS Mission)

Contributionto NOAA goals (%) Goal 1 (Climate A&M): 20%; Goal 2 (WRN) 80%; Goal 3

(Resilient CC&E): 0%
Highlight: An Observing System Experiment was conducted to measure the impact of withdrawing
data from the PM-orbit on global forecast skill; unique statistical processing reveals some quanti-
tative impacts on risk assessment.
Link to a research web page: none

Background

The Joint Polar-orbiting Satellite System (JPSS) is a key contributor to the next generation, operational po-
lar-orbiting satellite observing system. Inthe JPSS era, the complete polar-orbiting observing system will
be composed of two satellites in the mid-AMand PM orbits, each with thermodynamicsounding capabili-
tiesfrom both microwave and hyperspectral infrared instruments. The JPSS will occupy the PMorbit while
the “MetOp” system, sponsored by EUMETSAT, will occupy the mid-AMorbit.

While the current polar-orbiting satellite system has been thoroughly evaluated, information about its re-
silience and efficacyinthe JPSS erais needed. A seven month (August 2012 to February 2013) Observing
System Experiment (OSE) was run with the National Centers for Environmental Prediction (NCEP) Global
Forecast System (GFS). Observations were selected from operational satellite data platforms to be repre-
sentative of the polar-orbiting datainthe JPSSera. In additionto all conventional and non-polar-orbiting
observations, the control (CNTL) experiment used all JPSS-representative observations;in the No-PMorbit
(NOPM) experiment all observationsinthe PMorbit were removed, and the operational observations
(OPS) runsincluded all control observations and various usable satellite instruments available overthe ex-

perimental period.

Accomplishments

Key results are as follows. Overall, removing datafrom the PM-orbit producedinferiorscores, with the im-
pact greaterin the Southern Hemisphere (SH) than either the Northern Hemisphere (NH) or tropics. For
the entire seven months, the time-mean 500 hPa Geopotential Height Anomaly Correlation (Z500AC) de-
creased by 0.005 and 0.013 inthe NH and SH respectively (Fig. 1), both of which are statistically significant
at the 95% level.
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Fig. 1. Time series of 5-day Z500AC NH (top) and SH (bottom) scores for CNTL (red), NOPM (green) and OPS
(black) forecasts at 00 UTC over the period 1 August 2012 — 15 February 2013. Mean scores are also
shown.

A detailed statistical analysis of the distribution of Z500AC skill scores was performed and compared to his-
torical accuracy data. It was determined that eliminating PM-orbit dataresultedinahigherprobability of
producing low scores and a lower probability of producing high scores (Fig. 2), counterto the trend in GFS
forecastskill overthe last 20 years.

A manuscriptwas prepared, submitted tothe Bulletin of the American Meteorological Society and ac-
ceptedforpublicationin Fall 2016.

Planned work
This projectis complete. No furtherworkis planned.

Publications

Lord, Stephen, G. Gayno and F. Yang, 2016: Analysis of an Observing System Experiment for the
Joint Polar Satellite System, Bull. Amer. Meteor. Soc., accepted for publication, November 2016.

Presentations
November 2015 CICS-NOAA meeting:S. Lord, George Gayno and Fanglin Yang: Analysis of an Observing
System Experiment forthe Joint Polar Satellite System.
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Fig. 2. Comparative fraction of 5-day NOPM and OPS Z500AC scores in each of the quintiles defined by Table
5 for the NH (blue, red) and SH (green, purple). Comparison measures the percent increase or decrease of
NOPM and OPS scores in each quintile relative to CNTL, which is (by construction) equally populated in each
quintile.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers 1

# of non-peeredreviewed papers

# of invited presentations 1

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergraduate students mentored during the year

Presentation given at November CICS-NOAA meeting. Manuscriptaccepted for publicationin BAMS.
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Next-Generation Global Prediction System (NGGPS) Planning

Task Leader Stephen Lord

Task Code SLSL_NWS_15 (Part 2 of 3)

NOAA Sponsor Fred Toepfer

NOAA Office NWS Office of Science and Technology Integration

Contribution to CICS Research Themes (%) Theme 1: 0%; Theme 2: 70%; Theme 3: 30%

Main CICS Research Topic Future Satellite Programs (Scientificsupport for the
JPSS Mission)

Contributionto NOAA goals (%) Goal 1 (Climate A&M): 20%; Goal 2 (WRN) 80%; Goal 3

(Resilient CC&E): 0%
Highlight: The NGGPS planninginvolves strategicissues formodeland data assimilation development and
an explicit community-based plan foradvanced physical (scale-aware) parameterizations with improved
coupling of physical processes across radiation, boundary layer, deep and shallow convection and surface
fluxes. This project contributesto planningforthe next-generation physics package(s) and the next-gener-
ation coupled data assimilation system and forecast model.
Link to a research web page: none

Background

The Next-Generation Global Forecast System (NGGPS) Program supports development of the next-genera-
tion, coupled forecast system for NCEP’s operations. This system will enable extension of operational
weatherforecasts outto 30 days, and will improve the accuracy of weatherand seasonal climate forecasts
and analyses of the atmosphere, land, ocean, seaice and aerosols. The effortis expected to take at least5
years. Planninghasinvolved building capabilities for advanced atmospheric physical parameterizations,
includingintroduction of “scale-awareness” for such physical processes as deep convection, atmospheric
turbulence and layer clouds.

Accomplishments

Planning documents were written, including the draft chapter (5.2) on “Physical Parameterization Develop-
ment.” Thischapter defines majorareas of scientificdevelopment (“scale-aware convectiveand boundary
layerformulations, aerosol interactions with cloud microphysics and radiation, development of a “two-mo-
ment” cloud microphysics scheme, and a physically-based framework for stochastic sub-grid variability),
outlines the various funded contributions to these areas, and proposes formation of scientificworking
groups to focus developmentin each of these areas and to interact for improved representation of the
physical processes between each parameterization.

Planningalso began fora second project: the Unified Global Coupled System (UGCS) for Weather and Cli-
mate Prediction. The UGCS is a baseline analysis and forecast system for the NGGPS development. Itis
composed of models for prediction of the atmosphere, land, ocean, waves, seaice and aerosols and sepa-
rate components for dataassimilation into each model. Phase 1of this project will assembleand couple
model components within the NOAA Environmental Modeling System (NEMS), assemble separate proto-
type Data Assimilation systems and observations for each of the prediction domains, develop modernized
UGCS workflow and scripting, and test this baseline systemto ensureitisoperating properly. Contribu-
tionsincluded defining, scopingand documenting the project and discussing project focus and activities
with both scientificcontributors and managers.
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Planned work
e Continuetoassistin planningand execution of the NGGPS UGCS

Publications
Non-peerreviewed project report

e NGGPS Planning Document: wrote major draft of NGGPS Physics Team Plan (Section 5.2, Physical
Parameterization Development) and contributed to Section on Atmospheric Data Assimilation.

Products
Reports and presentations aslisted.

Presentations
The NGGPS Unified Global Coupled System (UGCS) Project Description (PPT) for the NGGPS Program

Other

Mentoring (discussed in aseparate report)

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peered reviewed papers 1

# of invited presentations 1

# of graduate students supported by a CICS task

# of graduate students formally advised

# of undergraduate students mentored during the year

Items discussedin body of report.
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Mentoring and Advising NWS Headquarters and Field Personnel on STl strategies

Task Leader Stephen Lord

Task Code SLSL_NWS_16 (Part 3 of 3)

NOAA Sponsor Dr. MinglJi

NOAA Office NWS Office of Science and Technology Integration (STI)

Contribution to CICS Research Themes (%) Theme 1: 0%; Theme 2: 70%; Theme 3: 30%

Main CICS Research Topic Future Satellite Programs (Scientificsupport for the
JPSS Mission)

Contributionto NOAA goals (%) Goal 1 (Climate A&M): 20%; Goal 2 (WRN) 80%; Goal 3

(Resilient CC&E): 0%
Highlight: Mentoring by former NOAA employees can be a positive experience foryounger managers and
scientistsas well as forthe more experienced Federal employees as they adapt theirworkplace rolesina
changing Federal environment. This project seeks to maximize the benefits of Dr. Lord’s experience in or-
ganizingand initiating major efforts toimprove NOAA’s operational models and data assimilation systems.
Link to a research web page

Background

Mentorship canimprove scientificdevelopment and results through discussions with NOAAscientists and
managers. Mentorship was provided in each of the following programmaticareas. To add continuity to
current NOAA development projects sponsored by the “Sandy Supplement,” review and editing of monthly
reportinputto the NWS Assistant Administrator on modeling and data assimilation projectsis valuable.
The Next-Generation Global Forecast System (NGGPS) Program seeks to develop the next-generation, cou-
pledforecast systemfor NCEP’s operations. Itwill be used to extend operational weatherforecasts outto
30 days and improve the accuracy of weatherand seasonal climate forecasts. The COASTALAct was
passed by Congressin 2012 and directs NOAA to develop an analysis system to depictthe wind, storm
surge, wave and precipitation fields at high temporal and spatial resolution and accuracy for landfalling
tropical weather systems that have destroyed coastal property. The National Blend of Models Projectis
funded by the 2013 Disaster Relief Appropriations (DRA) Act (akathe “Sandy Supplement”) and will de-
velop multi-model weather guidance for NWS operations.

Accomplishments
Dr. Lord has mentored and advisedin the following programmaticareas during 2015.

e NGGPS: advised program manager and staff on scientificstrategy;

e COASTALAct: advised and drafted Implementation Plan for NWS/STI;

e SandySupplement (SS) dataassimilation projects: reviewed monthly input to NWS Assistant Ad-
ministrator and edited summary presentation each month,;

e SS Aircraft Observations Project: advised on observing system strategy, reviewed results of Aircraft
Observing System Experiment, and reviewed acquisition and quality control of newly acquired ob-
servations funded by the SS;

e NGGPS Physics Development: consultant for NGGPS physics strategy, mentored individual scien-
tistsand wrote Physics Development plan;
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e NGGPS Unified Global Coupled System Project (the next-generation prototype coupled forecast
model and data assimilation prototype demonstration project): advised Project Manager on pro-
jectorganization and scope, developed presentation on projectand submitted the NWS manage-
ment;

e SS National Blend of Models project: mentored and advised Project Manager on “next-steps”;

e NCEP Environmental Modeling Center Global Climateand Weather Modeling Branch Chief:
through weekly meetings, advised and discussed Branch strategies, particularly in regard to NGGPS
Program.

Planned work
Mentoring will continue on all projects.

Publications

As a mentoringand consultation project, the outcomes are produced by discussion, drafting documents for
Federal use, reviewing progress on various projects and advising key Federal employees. Scientificoutput
isinfluenced by mentoring.

Products
(See Publications above)

Presentations
“The NGGPS Unified Global Coupled System (UGCS) Project Description” (February 2016 for NWS inte rnal
use)

Other

Seven Federal employees were mentored and advised.

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised
# of undergra¢ Federal employees mentored during the year 7

Mentoring activities listed under Accomplishments above.
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NESDIS STAR Science Enterprise Support for Satellite Programs and JPSS Ground Project Transi-
tion Plan

Task Leader  Nai-YuWang

Task Code EBNW_GPTP_15

NOAA Sponsor Satya Kullari

NOAA Office NESDIS/STAR

Contribution to CICS Research Themes (%) Theme 1: 80%; Theme 2:20%

Main CICS Research Topic: Future Satellite Programs—Scientific Support for the JPSS Mission
Contributionto NOAA goals (%) 100% Goal 1 (Climate)

Highlight: Develop aJPSSrisk reduction precipitation estimation algorithm for ATMS

Link to a research web page

Background

Develop the advanced sciences and software to support NESDIS/STAR/CoRP through the STAR enterprise
system. Research activitiesinclude development of a JPSS risk reduction Bayesian precipitation retrieval
algorithm for JPSS ATMS, and a GOES-R IR and lightning QPE algorithm for the NWS Pacificregion. The goal
of these research activitiesis tolead to a merged microwave and IR/lightning multi-satellite precipitation
algorithmand product that supportefforts to generate one-NOAA Precipitation products leveraging off
GOES-R/JPSS Risk Reduction activities.

Accomplishments

3-26-15 NESDIS OSGS GEARS Precipitation Prototype Proposal presented to OSGS director

A NESDIS common ground system precipitation prototype proposal was developed by Dr Wang and vetted
by STAR management. DrWang presented a proposal briefingto NESDIS OSGS director Steve Peterson on
March 26, 2015. The presentation was wellreceived. Due to OSGS funding limitations, STAR did not receive
funding from this proposal. Components of this proposal such as the ensemble microwave precipitation
estimatesis beingdirected by DrWang and carried out by CICS Postdoctoral researcher Yalei You.

3-5-15 Collaboration between CICS-MD and NWS PacificRegions

Bill Ward, the PacificRegions SSD Chief for NWS, visited with SCSBand CICS-MD on March 6 to discusstop-
ics of potential interestinvolving satellite products that can serve the NWS PacificRegion. The visit was
organized by N-Y. Wang through conversations at the 2015 NOAA Satellite Science Week (Boulder, CO, the
week of Feb. 23). As part of the effortto continue the collaboration, Dr Wang proposed to and is awarded
by the GOES-R visiting scientist program (VSP). The VSP grant will enable Dr Wang to visit the NWS Pacific
region headquarters in spring 2016 to present the convective features and rainfall algorithm, and initiate
testingand training at the Honolulu Weather Forecast Office (WFO) and to attend and presentresultsin
the JPSS/GOES-R OCONUS science meetinginJune 2016.

4-24-15 NASA GPM Algorithm Team Award

Ralph Ferraro and Nai-Yu Wang were part of a Robert Goddard NASA Group Achievement Award "for out-
standing precipitation retrieval algorithm development to support the Global Precipitation Measurement
(GPM) mission. They attended asmall reception to receive theirindividual certificates at NASA/GSFC on
April 23.
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5-22-15 GPROF2010V2 Article Publish

A journal article entitled "Updated Screening Procedures for GPROF2010 over Land and Utilization for
AMSR-E" by Patrick Meyers, Ralph Ferraro, and Nai-Yu Wang was published in the May 2015 issue of the
Journal of Atmosphericand OceanicTechnology. The article describes the addition of animproved surface
screeningalgorithm tothe 2010 Goddard Profiling Algorithm, version 2(GPROF2010V2).

The figure above, fromthe article, shows (left) the observed rain rates fora line of convective storms from
1920 UTC 30 Apr 2010; (middle) GPROF2010retrieval without updated screening procedures; and (right)
GPROF2010V2. Withoutthe update, large areas nearthe core of the convective cells were screened as po-
tential ice surface, flagged, and removed. The new version eliminated screening for surface snow and accu-
rately identifies precipitationinthe convective core. Meyers, Patrick, Ralph Ferraro, and Nai-Yu Wang,
2015: Updated screening procedures for GPROF2010 overland and utilization for AMSR-E, J. Atmos. Oce-
anic Technol., 32,1015-1028, DOI: 10.1175/JTECH-D-14-00149.1

6-19-15 A New Precipitation Prototype Algorithm publishedin JGR

CICSScientists Yalei You along with Nai-Yu Wang have a new article accepted by the Journal of Geophysical
Research: Atmospheres on April 15. It describes a prototype precipitation retrieval algorithm overland that
uses a four-year National Mosaicand Multi-Sensor Quantitative Precipitation Estimation (NMQ) and Spe-
cial Sensor Microwave Imager/Sounder (SSMIS) coincident datasets. One of the unique features of this al-
gorithmis usingancillary parameters, such as surface type, surface temperature, land elevation andice
layerthickness, to stratify the single databaseinto many smaller but more homogeneous databases, in
which both the surface condition and precipitation vertical structure are similar. As the Figure below
shows, results from the stratified databases significantly outperform that from a single database.
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The figure above shows that the results from stratified databases significantly outperform that from this
single database. You, Y., N.-Y. Wang, and R. Ferraro (2015), A prototype precipitation retrievalalgorithm
overland using passive microwave observations stratified by surface condition and precipitation vertical
structure, J. Geophys. Res. Atmos., 120, doi:10.1002/2014JD022534.

7-22-15 Collaboration with NASA on Global Precipitation Measurement Mission Proposed

A proposal entitled "NOAA’s Continued Contributions to the Development and Utilization of NASA’s GPM
Products" was submitted to NASA ROSES 2015 Precipitation Measurements Mission (PMM) Science Team
solicitation. Ashasbeendoneinthe past, NOAA has submitted an"omnibus" proposal consisting of sev-
eral NOAA PI'sand affiliates that will be self-funded by NOAA (an arrangement agreed upon previously and
is contained within an MOU between the two agencies). The proposal contains many tasks that benefit
both NASA and NOAA: NOAA scientists help NASA by developing GPMbased algorithms and validating
themyet, at the same time, they exploit GPM products toimprove current product linesat NOAA to help
fulfillmission goals. Importance: NOAA's exploitation of GPM era data contributes to NOAA mission goals.
POC:R. Ferraro, H. Meng, P. Meyers and N-Y. Wang.

7-31-15 Rainfall Uncertainty over Different Land Types Paper Published

The Journal of Hydrometeorology has just published anew article co-authored by Ralph Ferraro and Nai-Yu
Wang evaluating the uncertaintyforthe Tropical Rainfall Measurement Mission (TRMM) Microwave Im-
ager (TMI). That algorithm was developed by researchers at CICS-MD and SCSB.
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The figure above show the surface classifications used inthe study. The study found that the product was
more accurate when the precipitation was entirely stratiform or entirely convective but less accurate when
it was a mixture of the two. There was also poorer performance overdry and sparsely vegetated regions,
probably because the surface radiation mimicked frozen precipitation signals. N. Carr, P.-E. Kirstetter, Y.
Hong, J. J. Gourley, M. Schwaller, W. Petersen, Nai-Yu Wang, Ralph R. Ferraro, and Xianwu Xue, 2015: The
Influence of Surface and Precipitation Characteristics on TRMM Microwave Imager Rainfall Retrieval Uncer-
tainty. J. Hydrometeor, 16, 1596-1614, doi: http://dx.doi.org/10.1175/JHM-D-14-0194.1. Importance: Sat-
ellite rainfall measurements are critical to weatherand climate forecasting and analysis and understanding
uncertaintiesinthese measurements places necessary limits of these predictions.

10-30-15 EUMETSAT Visitor

SCSB/CICS-MD hosted athree day visit by Dr. Jochen Grandell of EUMETSAT. Dr. Grandellisthe Atmos-
phericand Imagery Applications Manager, who focuses onimagery products, aswell asthose related to
precipitation and lightning. One of his projects, shown below, isthe Lightning Imagerforthe Meteosat
Third Generation mission, dedicated to meteorological and climate forecasts. He presented an ESSIC semi-
nar on October 27 entitled “EUMETSAT - Almost 30 years of Earth Observation Missions”. He also met with
several scientists during his visit, including R. Ferraro, S. Rudlosky, H. Meng, P. Meyersand N-Y.Wang. /Im-
portance: Establishing strong scientificties with international partners like EUMETSAT strengthens ongoing
collaborations.

11-6-15 JAXA GPM Science Team Proposal Filed

N-Y. Wang (CICS-MD) submitted a proposal to JAXA's GPM Precipitation Team solicitation. The emphasis of
the proposal isto help validate JAXA's primary precipitation product - GSMaP —using NOAA ground based
radar assets, mainly the MRMS high resolution product overthe CONUS. Y. You (CICS-MD), R. Ferraro
(SCSB), J. Gourley (OAR) and P. Kirstetter (OAR) are collaborators onthe proposal. Importance: Interna-
tional coordination and collaboration on hydrometeorological products will help expand NOAA’s access to
vital data to fillin observational gaps.
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12-1-15 The 3rd Joint JCSDA-ECMWF Workshop on Assimilating Satellite Observations of Clouds and
Precipitationinto NWP Models

Dr Wang was a member of the scientificand organizing committee forthe 3jointJCSDA-ECMWF work-
shop. Thisworkshop came out of an action item from the 7t International Precipitation Working Group
(IPWG) workshop to foster communications and collaborations between the satellite remote sensingand
data assimilation communities inthe improvement of the physical methods employed toinvert the satel-
lite datausedinthe NWP assimilation and satellite precipitation retrieval, for the determination of cloud
and precipitation and otheratmosphericand surface products obtained from satellite observations. Dr
Wang was a co-chairof the IPWG and a organizerfor|PWG 7 workshop.

12-18-15 NASA PMM Science Team Selection

The proposal entitled "NOAA's Continued Contributions to the Development and Utilization of NASA's
Global Precipitation Measurement (GPM) Products" was selected as one of the 60 out of 135 submissions
to be part of the new Precipitation Measurement Mission (PMM) Science Team. The no-cost to NASA pro-
posal includes several co-investigators/collaborators across NOAA (including NESDIS, NWS and OAR) and its
cooperative institutes (including N-Y. Wang, P. Meyers, C. Kongoli from CICS-MD). Fundingforthe NOAA
proposal will be part "inkind" supportand partially from other existing programs including JPSS and GOES -
R. Importance: NOAA's collaboration with NASA on GPM accelerates the use of GPM products to support
NOAA mission goals related to weatherforecasting and climate monitoring.

2-12-16 JAXA GPM Science Team Proposal Accepted

Nai-Yu Wang's proposal to JAXA's Global Precipitation Measurement (GPM) Science Team was accepted as
a collaborative, unfunded project (JAXA will cover travel expenses to their science team meeting). The pro-
jectwill focus onvalidating JAXA's primary GPM precipitation product (known as GSMAP) usin g high quality
ground validation overthe United States. Importance: NOAA's collaboration with JAXA on GPMaccelerates
the use of GPM products to support NOAA mission goals related to weatherforecasting and climate moni-
toring.

Planned Work

e DevelopanlIRand lightning convective feature and precipitation estimation technique for the Ha-
waiiislands, Guam, and the PacificOcean

e Developaweb-basedservice totest, validate, and transition the IR/lightning convective feature
and precipitation technique to NWS Honolulu and Guam Weather Forecasting Office (WFO)

e Continue the microwave ensemble estimation technique by systematicweightingensemble mem-
bersfrom different microwaveradiometer estimation methods with ground and space radars over
land and ocean

e Continue aSTAR representativein the JPSS Ground System Transition team, look after STAR’s inter-
estsinJPSS ground system planningtransition from NASA to NOAA IN 2019

Publications

Meyers, Patrick, Ralph Ferraro, and Nai-Yu Wang, 2015: Updated screening procedures for GPROF2010
overland and utilization for AMSR-E, J. Atmos. Oceanic Technol., 32, 1015-1028, DOI:
10.1175/JTECH-D-14-00149.1.
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N. Carr, P.-E. Kirstetter, Y. Hong, J. ). Gourley, M. Schwaller, W. Petersen, Nai-Yu Wang, Ralph R. Ferraro,
and Xianwu Xue, 2015: The Influence of Surface and Precipitation Characteristics on TRMM Micro-
wave Imager Rainfall Retrieval Uncertainty. J. Hydrometeor, 16, 1596-1614, doi:
http://dx.doi.org/10.1175/JHM-D-14-0194.1

You, Y., N.-Y. Wang, and R. Ferraro (2015), A prototype precipitation retrieval algorithm overland using
passive microwave observations stratified by surface condition and precipitation vertical structure,
J. Geophys. Res. Atmos., 120, 5295-5315, http://dx.doi.org/10.1002/2014JD022534 .

Presentations

Kirstetter, Pierre-Emmanuel, et al., Evaluating the Global Precipitation Measurement mission with
NOAA/NSSL Multi-Radar Multisensor: Current status and future directions, AGU Fall Meeting (San
Francisco, CA, 12/14/2015 to 12/18/2015).

Wang, Nai-Yu, Yalei You and Ralph Ferraro, Advancesin Satellite Microwave Precipitation Retrieval Algo-
rithms Over Land, AGU Fall Meeting (San Francisco, CA, 12/14/2015 to 12/18/2015)

Performance Metrics

# of new or improved products developed (pleaseidentify below the table)

# of products or techniques submitted to NOAA for considerationin operations use

# of peer reviewed papers

# of non-peeredreviewed papers

# of invited presentations

# of graduate students supported by a CICS task

# of graduate students formally advised

Ol |O|(|W|O| N

# of undergraduate students mentored during the year
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Development of Neural Network algorithms for retrieval of chlorophyll-a in the Chesapeake Bay
and other coastal waters based on JPSS-VIIRS bands

Task Leader  Alex Gilerson

Task Code AGAG_JPSS_14

NOAA Sponsor Mitch Goldberg

NOAA Office JPSSO

Contribution to CICS Research Themes (100 %) Theme 2

Main CICS Research Topic 4b Scientificsupport for the JPSS Mission

Contribution to NOAA goals 3 -100%

Highlight Several multi band algorithms forretrieval of chl-awhich include 745nm band on the JPSS/VIIRS
sensorare explored demonstrating very good performance on the field and satellite data forthe Chesa-
peake Bay and potentially other coastal waters, additional tests are currently planned at NOAA with the
goal to make these algorithms operational

Link to a research webpage  N/A

Background

Chlorophyll-a concentration [Chl] is one of the main products retrieved from the ocean color satellite im-
agerywhichisthenusedin the estimation of the ocean productivity, modeling of ecosystems, climate stud-
ies, evaluation of water quality, and detection of algal blooms. The accuracy of standard blue -green ratio
algorithms decreases significantly in the coastal waters because of contamination of the blue and green re-
flectance signals from CDOMabsorption and mineral scattering especially in such complexwaters as Chesa-
peake Bay. Several Neural Network (NN) approaches and multi-band algorithms were explored and com-
pared with standard ocean color (OC)algorithms. All newlydeveloped algorithms showed good performance
in coastal waters based on syntheticand field data. Multi-band algorithmswere found to be more flexiblein
adjustmentto satellite data which haveits own featuresdue to calibration and atmospheric correction issues
in coastal areas. Original project duration July 2012 — June 2015; the projectis currentlyin one year no cost
extension till June 2016. Extension was necessary to acquire more VIIRS satellite data and to make more
accurate assessment of algorithms performance.

Accomplishments

A synthetic dataset for over 1000 stations was developed based on a four component bio-optical model
whichincludespure water, chlorophyllous particleswitha defined con centration of chlorophyll-a [Chl], non-
algal particles (NAP) characterized by their concentration, and colored dissolved organic matter. Relation-
ships to determine scattering and absorption coefficients of these components were similar to those in
IOCCG datasetand Gilerson etal., Optics Express, 2007 with the main parameterstakenin the ranges avail-
able from NOMAD datasetand previousfield typicalfor the Chesapeake Bay. In addition, statistical relation-
ships between phytoplankton, CDOMand non-algal particles absorptions at 443nm available from NOMAD
were also taken into account to limit simulations to the most realistic combinations of water parameters.
Rrs were simulated forthe wavelengths 443, 488, 551, 665, 671, 708, 745 and 753nm which include ce ntral
wavelengths for VIIRS, MODIS and partially MERIS satellite sensors to allow the testing of algorithms based
on blue-green as well as red-NIR bands.

Afterthe analysis of multiple combinations of bands, two algorithms yielded the most consistentand prom-
ising results: a) a combination of two ratios R1 = Rrs(488)/Rrs(550) and R2 = Rrs(671)/Rrs(745) and b) just
one Rrs(671)/Rrs(745) ratio. The first algorithm is in the form of
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chl_calcl=107al + a2*R1 +a3*R2) (2)

where al, a2 and a3 are the fitting coefficients.

The second algorithmis based on the one which uses red-NIR bands at 708 and 665nm (Gilerson et al, Optics
Express, 2010), which worked well in various water conditions. After the adjustment for 671 and 745nm
bands available on VIIRS (instead of 665 and 708nm bands) the second algorithm was in the form:

chl_calc2 = 0.4*(60.625%(1/R2) —10.6125)71.389 (2)

Algorithms (1) and (2) were tested on the matchups between VIIRS satellite dataand in-situ [Chl] from the
Chesapeake Bay program. VIIRS satellite data was acquired with a strict filtering procedure (Hlaing et al,
Optics Express, 2014). VIIRS level 2 files do not contain Rrs at 745 nm, so SeaWiFS Data Analysis System
(SeaDAS), version 7.2, was used in the processing. That resultedin asmall number of points (<100) acquired
during the period of VIIRS operation 2012-2015 which made difficult to assess performance of the algo-
rithms.

To increase the number of points flags of stray light, moderate glint or both were suspended which allowed
testingalgorithms on different datasets. Itis demonstrated that with minoradjustment of the coefficients
from the synthetic dataset in the Eq (1) and (2) good performance of both algorithms is achieved on all
datasets (with and without suspension of flags). Results forthe set when stray light flag was suspendedare
showninFig. 1 which are very similartothe fully restricted dataset. Both algorithms Eq (1) and (2) perform
very similarto each other, significantly better than standard OC3 algorithm and consistently withthe results
from the synthetic dataset predicting RMSE of 4-5mg/m3. It is clear that OC3V algorithm tend to overesti-
mate [Chl]. Thistrendis obviousfrom the comparison of the satellite imagery processed by OC3V, Eql and
Eg2 shown in Fig. 2:
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Fig. 1. Performance of algorithms on the VIIRS matchups with the field data for the Chesapeake Bay;
stray lightflag is suspended: a) OC3V algorithm, b) Eq(1) c) Eq(2).
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Fig. 2. [Chl] from VIIRS satellite data for the Chesapeake Bay on August 20, 2014: a) OC3V algorithm, b)
Eq(1) c) Eq(2).

Algorithms based on Eq(1) and (2) should be recommended as operational forthe Chesapeake Bay and pos-
sibly other coastal waters.

Planned work

- All available datasets of field, MODIS and especially VIIRS data will be further monitored for the possible
algorithms improvement as more matchups are acquired with and without flags suspensions.

- Developed multi-band algorithms will be tested on other coastal waters datasets if possible.

- Interactions with NOAA scientists and managersinvolved in the operational Chesapeake Bay data will con-
tinue for possible applications of the new algorithms.

Publications

A.Gilerson, M. Ondrusek, M. Tzortziou, R. Foster, A.El-Habashi, S. P. Tiwari and S. Ahmed, “Multi-band algo-
rithms for the estimation of chlorophyll concentration in the Chesapeake Bay,” Proc. SPIE 9638, Remote
Sensing of the Ocean, Sea Ice, Coastal Waters, and Large Water Regions 2015, 96380A (October 14, 2015);
doi:10.1117/12.2195725

Products

Interaction with Dr. Richard Stumpf, NOAA National Centers for Coastal Ocean Science is in progress for
testing of the algorithms at NOAA with the goal of conversion them to the operational products.

Presentations

A.Gilerson, M. Ondrusek, M. Tzortziou, R. Foster, A.El-Habashi, S. P. Tiwari and S. Ahmed, “Multi-band algo-
rithms for the estimation of chlorophyll concentration in the Chesapeake Bay,” SPIE RS Europe, Toulouse,
France, Sept, 2015.

A. Gilerson, VIIRS RR and PG review, November 2015.
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Performance Metrics

# of new or improved products developed (pleaseidentify below the table) -

# of products or techniques submitted to NOAA for considerationin operations use 1

# of peer reviewed papers -

# of non-peered reviewed papers 1

# of invited presentations -

# of graduate students supported by a CICS task -

# of graduate students formally advised 2

# of undergraduate students mentored during the year 2

227




Volume II: CICS-MD CICS Annual Report 2016

JPSS Data Products & Algorithms: Validation of VIIRS Ocean Color products for the coastal and
open ocean

Task Leader Curtiss Davis

Task Code CDCD_JPSS_15

NOAA Sponsor Menghua Wang

NOAA Office JPSS/IPO

Contribution to CICS Themes (%) Theme 1: 10%; Theme 2: 80%; Theme 3: 10%.
Main CICS Research Topic ScientificSupport forthe JPSS Mission
Contributionto NOAA Goals (%) Goal 1: 20%; Goal 2: 0%; Goal 3: 80%;

Highlight: We have developed anew procedure forabove waterreflectance measurements and validated
it against HyperPRO data and Platform Eureka SeaPRISM data. We participated inthe JPSS Ocean Color
Validation Cruisein December 2015 further validating our remote sensing reflectance measurement meth-
ods. We are analyzingatwo year time series of VIIRS dataforthe Southern California Bight using Platform
Eureka SeaPRISMfor validation.

Background

Thisreport summarizes the work supported through CICS of the ongoing NOAA project entitled “JPSS Data
Products & Algorithms: Validation of VIIRS Ocean Color products for the coastal and open ocean”. This ac-
tivity is part of the JPSS Ocean Environmental Data Record (EDR) calibration and product validation team
effortled by Menghua Wang (NOAA/STAR)and Bob Arnone (U. Southern Mississippi (USM)). As part of
that team we are working with NOAA/STAR, Bob Arnone and others to establish and executea plan for
maintaining the on-orbit calibration of the VIIRS Visibleand Near IR (VNIR) channels and forvalidation of
ocean products. Experience with SeaWiFS, MODIS and MERIS makes it clearthat ocean products must be
validatedinthe open ocean andindiversity of coastal regions. Ourworkat OSU focuses onthe validation
of ocean color products (water-leaving radiances and chlorophyll) for the coastal (West Coast of the US)
and open ocean (Hawaii) waters. We validate VIIRS ocean color products using: (1) the Hawaii Ocean Time-
series (HOT) HyperPRO data set at station Alohainthe North Pacific Gyre, and (2) Platform Eureka (anew
SeaPRISMsite off Southern California operated by BurtJones (USC)) whichiis cross calibrated with the Hy-
perPRO and above water remote sensing reflectance measurements. These time series are continuingand
overlap with VIIRS on-orbit data collection.

Accomplishments

We are working with VIIRS datafrom STAR covering the entire Southern California Bight, and validating the
VIIRS products using matchups with the Platform Eureka SeaPRISM data. Unfortunately The SeaPRISM at
Platform Eureka off the Los Angles Coast has shown consistently lowerradiances than the VIIRS product
data (NASA and NOAA Star MSL12) while otherSeaPRISMs, such as the Venice Platform Se aPRISM show
good agreement. We made a validation cruise with the HyperPRO and SE Spectrometerin October 2015
and confirmedthisissue. Totrack down the source of the bias, whichis on the order of 20% a second Sea-
PRISM was installed at the site late summer of 2015. Initiallyithad someissues, andittoaddressthose
issuesthe two SeaPRISMs sensor heads were switched to the opposite tower, wiring and electronics. This
resultedinachangein the bias, with the original sensorhead now showing a higherresult. The ideal result
when comparing datafrom the twoinstrumentsisthatthe interceptis zero, and the slope (gain) 1. The
observed result differs from that, most strikingin channel 440, where the interceptjumps from~0to~0.1
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afterthe switch. We also note that if this ‘offset’ is subtracted, then the results show much better agree-
mentas shownin Figure 1. We are currently looking at both an empirical correction (vicarious calibration)
of the data in hand to correct fordiscrepancies, and we are also tryingto trace the physical origin of the
discrepancy.

Figure 1. Regression of 442 nm water leaving radiance data from the two SeaPRISMs at Platform Eureka.
Red is the regression before December 8, 2015 and blue is the regression after switching the sensor heads on
December 8, 2015.

Afterthe discrepancyisresolved we will completealongterm analysis of the VIIRS data products for
Southern California waters as validated with the Platform Eureka SeaPRISM data and our associated in situ
data. Progress on our validation efforts was presented at the STARJPSS Team Meeting 24-28 August 2-15,
in College Park, MD.

Nick Tufillaro participated in the annual NOAA VIIRS Validation cruise on the R/V Nancy Foster, out of
Charleston, SCin December 2015. Nick operated twoinstruments (the OSU SatlanticHyperPRO and Spec-
tral Evolution handheld Spectrometer) and participatedin cross calibration and product validation activi-
tiesonthe cruise. Onboard, we compared ourabove water measurements with the new Spectral Evolu-
tion spectrometerwith the more common ASD spectrometer using standard white and gray plaguesfrom
the Naval Research Labs and NIST. Initial on board results showed good agreement with our measurements
and those from NOAA and NRL. Some of these results were presented at the 2016 Ocean Sciences Meet-
ing, February 26, 2016 in New Orleans, LA. Ryan Vandermeulen is working up the official results forthe
above waterreflectance. Ourabove waterreflectance method using the SE spectrometerincorporates sev-
eral improvements and a publication on this updated methodis planned forthis comingyear. The group
also compared the in-water measurements amongthe Satlantic HyperPROs during casts coordinated by
Mike Ondrusek. We have finished processing our dataand sentitto Mike Ondrusek at NOAA fordetailed
comparisons. An example of the OSUHyperPRO data isshownin Figure 2.
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Figure 2. OSU HyperPRO data from one of the HyperPRO comparison stations in the Tongue of the Ocean,
Bahamas.

For the HOT data at station Alohathere are very few matchups due to the infrequency of data collections
(monthly), the cloudy conditions and sun glintin this area. However, when we have matched the standard
product water leaving radiances from VIIRS with in situ HyperPRO measurements, the data show excellent
agreement (e.g. Figure 3). During the pastyear and a half we worked with NOAA (Mike Ondrusek) and the
instrument manufacturer Satlanticto refine our methods forthe HyperPRO data collection and processing
includingincorporating the multicast method forthe surface waters at HOT to obtain the best possible re-
mote sensing reflectance from this data. This work resulted in a HOT training manual for making the Hy-

perPRO measurements and approved procedures and processing software thatisidentical to that used by
NOAA and others.
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Figure 3. Left, Example spectral matches at Station ALOHA of VIIRS data with HyperPRO cruise data col-
lected within one hour of each other. The VIIRS products shown here are computed with the JPSS processor
obtained from the NOAA CLASS archive. Right, VIIRS image over Hawaii from 17 August 2012 (23:43 GMT).
The star marks the location of Station ALOHA.

VIIRS and other ocean color remote sensing data typically have striping issues which can cause prob-
lems for the spatial, spectral and temporal analysis techniques we are using. Nick Tufillaro has worked
with Eric Bollt and collaborators to address this issue and provide a universal solution that can be ap-
pliedin the spectral, spatial and temporal domains. Their method can be applied to the raw VIIRS data
of the NASA de-striped product with equal success (Figure 4). This method has been submitted for
publication to IEEE Geosciences and Remote Sensing.

Figure 4. November 7, 2013 VIIRS image of waters off southern California. Left, the NASA’s vicarious
calibration of L2 (*.nc) product which destripes the image using sensor characteristics measured during
on-orbit calibration. While the NASA’s vicarious calibration of L2 (*.nc) method does improve the raw
image, there are still stripe artifacts present. Right, the destriped image of the NASA product almost
completely removing the stripes.

Planned Work

e Continue processing and analysis of Station Aloha HOT HyperPRO including match ups with VIIRS
data for product validation

e Continue analysis of time series of VIIRS data for the Southern California Bight
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e Participate in and present results at NOAA teleconferences and the NOAA STAR/JPSS Annual
Meeting in August 2016.
e Participate inthe 2016 NOAA VIIRS science cruise for cross calibration of instruments and meth-
ods for:
0 Above Water Rrs
0 HyperPRO optical profiles
e Allinsitu data provided to NOAA STAR for VIIRS data product validation
e Publication on above water reflectance methods
e Publication on the validation of VIIRS data with the Platform Eureka SeaPRISM time series in-
cluding comparisons with other SeaPRISM sites.

Publications

Basnayake, R., E. Bollt, N. B. Tufillaro, J. Sun and M. Gierach, In review, Regularization Destriping of
Remote Sensing Imagery with Missing Data Preprocessing, IEEE Transactions on Geoscience and Remote
Sensing.

Products
e Monthly time series of HOT HyperPRO data deliveredto NOAA/STAR
e Insitu data from the NOAA VIIRS Science Cruises, HOT HyperPRO data and Platform Eureka
Validation cruises provided to NOAA STAR.
e Publication on above water remote sensing reflectance measurement method
e Publication on the VIIRS time series analysis for the Southern California Bight

Presentations

Tufillaro, N. and C. Davis, Validation of VIIRS Ocean Color Products for the West Coast, STAR JPSS Team
Meeting Talk 24-28 August 2-15, College Park, MD

Jenkins, J. Goes, Gomes, A. Chekalyuk, R. Arnone and N. Tufillaro, 2016, Community composition, biomass
and photosynthetic competency of phytoplankton associated with microscale features and frontal
zones of the Gulf Stream, ME54C-0940, Ocean Sciences Meeting, 26 February, 2016, New Orleans,
LA.
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PERFORMANCE METRICS FY13
# of new or improved products developed 0
# of products or techniques transitioned from research to operations 0
# of peerreviewed papers 1
# of non-peered reviewed papers 0
# of invited presentations 0
# of graduate students supported by a CICS task N/A
# of graduate students formally advised 0
# of undergraduate students mentored during the year 0

Performance Metrics Explanation

This project was previously supported through CIOSS at Oregon State University and has been supported

through CICS forthe last 18 months. Focus has been ondevelopinganew above waterreflectance meas-
urement method and the validation of that method against the HyperPRO method particularly during the
VIIRS Ocean Color Validation Cruisein December 2015. We are usingthese improved methods to continue
our validation of VIIRS open ocean products from station Aloha using the Hawaii Ocean Time series (HOT)

HyperPRO dataand validation of coastal products forthe Southern California Bight using datafromthe

Platform Eureka SeaPRISM.
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GEOG Task 4: NPP/VIIRS Land Product Validation Research and Algorithm Refinement: Active
Fire Application Related Product

Task Leaders ChrisJustice, Louis Giglio, Wilfrid Schroeder

Task Code CJILG_VIIRS_15

NOAA Sponsor Lihang Zhou

NOAA Office NOAAJPSS, Centerfor Satellite Applications and Research (STAR)

Contribution to CICS Research Themes (%) Theme 2: 100%

Main CICS Research Topic ScientificSupportforthe JPSS Mission

Contributionto NOAA goals (%) Goal 1: 50%; Goal 2: 50%

Highlight: This task supports the operational implementation of the Suomi-NPP/VIIRS Active Fire algorithm
at NOAA. The input SDR data are routinely monitored, and reactive fire algorithm maintenance imple-
mented in orderto ensure highest product quality. Science algorithm updates are also ported into the op-
erational system. Additional programmatic tasks (e.g., product maturity assessment/review) and algo-
rithm/userguide documentation are regularly addressed.

Background

The Active Fire (AF) productis generated as part of the Suomi-NPP/VIIRS land product suite, but also serves
as inputforother key mission products (e.g., cloud mask, land surface type). The AF algorithm imple-
mented inthe Integrated Data Processing Segment (IDPS) builds on an earlierversion (Collection 4) of the
EOS/MODIS Fire and Thermal Anomalies algorithm designed to detect and characterize active fires [Giglio
et al., 2003]. The MODIS algorithm has since evolved, incorporating additional tests to minimize potential
false alarms, implementing a dynamicbackground characterization, and expanded processing of offshore
pixelstoallow detection of gas flares. Those changes are included inthe MODIS Collection 6algorithm,
which was successfully ported to the revised Joint Polar Satellite System (JPSS) AF algorithm running at the
NPP Data Exploitation (NDE) system at NOAA/NESDIS. This new AF algorithm also incorporates new output
layersinresponse to the usercommunity demand, namely a 2-D image classification product (fire mask)
and sub-pixel firecharacterization retrievals (fire radiative power [FRP]).

Accomplishments

Duringthis funding cycle ourteam supported the implementation of the revised VIIRS AF algorithm at NDE.
Algorithm testing and documentation (Algorithm Theoretical Basis Documentand JPSS Calibration/Valida-
tion Plan) were successfully completed in 2015; the VIIRS AF began routine operationin NDE on 15 March
2016. Figure 1 shows a subset of a 5-min VIIRS AF Level 2 granule including the main distinctive pixel cate-
gories and fire retrieval (FRP) information output by the algorithm. A long-term quality monitoring system
was implemented forthe VIIRS AF productincluding graphicdisplay of daily global fire pixels (Figure 2) and
automaticemail alertstriggeredin response to potential dataanomalies (e.g., lines of spurious fire pixels).
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Figure 1: Subset of VIIRS AF algorithm output showing the 2D firemask and the corresponding pixel classes including
activefires (red), clear land (green), water (blue) and clouds (white). The range of FRP retrievals for all detected fire
pixelsis showninthe lower right corner.

Figure 2: Density map of daily global fire detections (fire pixels /0.5°) generated by the VIIRS AF algorithmon 02 Sep
2012.A band of spurious detections can be seen across North America; the corresponding data anomaly was later
addressed following the implementation of a revised VIIRS L1B data processingsoftware package.

Planned Work

e Maintain and update the VIIRS AF algorithm at NDE operations
e Port new VIIRS 375 m active fire detection algorithm to NDE

Publications
Giglio, L., Schroeder, W., and Justice, C.0., 2016. The collection 6 MODIS active fire detection algorithm and
fire products. Remote Sensing of Environment, 178, 31-41.
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Products
A revised VIIRS AF algorithm was implemented at NDE.

Presentations

Csiszar, ., Giglio, L., Schroeder, W., Wolf, W., Tsidulko, M., Mikles, V. (2016). VIIRS Active Fire Product De-
velopmentsin NOAA’s Operational System. 96" AMS Annual Meeting, New Orleans/LA, 10-14 January.

Csiszar, |., Kondragunta, S. (presenter), Ellicott, E., Schroeder, W., Giglio, L. (2015). The use of JPSS products
to support fire management. International Geoscience and Remote Sensing Symposium (IGARSS), 26-31
July.

Csiszar, I., et al., Active Fire product update (2015). STAR JPSS 2015 Annual Science Team meeting, College
Park/MD 24-28 August.

Csiszar, l., et al. (2016). Fire Monitoring from the Visible Infrared Imaging Radiometer Suite. Earth System
Science Interdisciplinary Center (ESSIC) Seminar Series, College Park/MD, 22 February.

Tsidulko, M., Wolf, W., Csiszar, |., Giglio, L., Schroeder, W. (2016). VIIRS Active Fire algorithmintegrationin
NOAA’s Suomi NPP Data Exploitation environment: research to operations. 96" AMS Annual Meeting,
New Orleans/LA, 10-14January.

References
Giglio, L., Descloitres, J., Justice, C. O., and Kaufman, Y.J. (2003). An enhanced contextual fire detection al-
gorithm for MODIS. Remote Sensing of Environment, 87, 273-282.

Performance Metrics
# of new or improved products developed (pleaseidentify below the table) 1
# of products or techniques submitted to NOAA for considerationin operations use 1
# of peer reviewed papers 1
# of non-peered reviewed papers 0
# of invited presentations 0
# of graduate students supported by a CICS task N/A
# of graduate students formally advised N/A
# of undergraduate students mentored during the year N/A

Revised VIIRS active firealgorithm implemented at NDE
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ATMS Derived Snowfall Rates to Support Weather Forecasting

Task Leader CezarKongoli

Task Code CKCK_ATMS_14

NOAA Sponsor JPSS PGRR

Main CICS Research Topic b. ScientificSupport forthe Future Satellite Missions: (i) Scientificsupport

for the GOES-R Mission
Percent contribution to CICS Themes Theme 1: 70%; Theme 2: 30%; Theme 3: 0%.
Percent contribution to NOAA Goals Goal 1: 20%; Goal 2: 80%

Highlight: ATMS snowfall detection and snowfall rate algorithms have been extensively evaluated
using high quality in-situ and radar data.

Background

Thisreport describesthe work performed to evaluate ATMS snowfall algorithms consisting of a snowfall
detection (SD) and snowfallrate (SFR) algorithm. The SD algorithm computes the probability of snowfall
based on principal components of the ATMS high frequency brightness temperatures 89 GHz and above
and logisticregression. The SDalgorithmis used as a snowfall mask to retrieve snowfallrate, the latter
based on inversion of aradiative transfer model. SD algorithm was evaluated against high quality in-situ
data over US and Alaska. Several snowfall events were sampled during the 2013-2014 and 2014-2015 win-
ter seasons. The performance metrics included the probability of snowfall detection (POD) and the false
alarm rate (FAR). In addition, the effects of temperature, satellite view angle and otherancillary datawere
evaluated. Results showed that algorithm was robustin detecting snowfall eventsinawide range of
weather conditionsincluding colder weather. In addition, retrievals were also robust over mountaineous
terrain although sample size of in-situ data collocated with ATMS measurements was smaller than overflat
terrain. Anin-depthinvestigation was also conducted to test the effectiveness of several we ather filters on
algorithm performance. Thesefilters employ ancillary weather dataand are applied toreduce FARdue to
snow coveron the ground or cloud effects. It was shown that of all the ancillary data used, cloud thickness
was the most efficient parameterin thatit removed much more false alarm than legitimate snowfall. Eval-
uation of the SFRalgorithm has also been conducted. As many as ten snowfall events have been selected
and collocated with radar data.

Accomplishments

Evaluationresulted in parameteradjustments and animproved algorithm performance. Table 1 shows
overall performance statistics: probability of snowfall detection (POD) and false alarm rate (FAR) overthe
two weatherregimes. Asshown, statistics deteriorates for colder weather. Itisimportantto note, how-
ever, thatthese statisticsinclude “trace snowfall” events. Forhigherintensity snowfallstatisticsimprove
(Figure 1)

Table 1. Overall SD algorithm performance statistics

POD (%) FAR (%)
Regime 1 (warmer) 62 15
Regime 2 (colder) 43 16
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Figure 1. Percent of snowfall captures as a function of retrieved SFR. Moderate to high SFR over1 mm
hr.1 are associated with high fraction of retrieved snowfall of 80% ad higher.

Presentations

Meng, H., R.R. Ferraro, C. Kongoli, B. Yan, et al., 2015 (oral). Snowfall Rate Retrieval Using Passive Micro-
wave Measurements and Its Applications in Weather Forecast and Hydrology, Annual American
Meteorological Society Conference (AMS); 95th, Conference on Satellite Meteorology and Ocean-
ography; 20th; 4-8 Jan. 2015; Phoenix, AZ; United States

Publications

Kongoli, C., H.Meng, J.DongandR. Ferraro. 2015. A Snowfall detection algorithm overland utilizing high-
frequency passive microwave measurements —Application to ATMS. J. Geophys. Res. — Atmos-
pheres (in production). DOI: 10.1002/2014)D022427

LaviolaS.J. Dong, C. Kongoli, H. Meng, R. Ferraro, and V. Levizzani, 2015. An intercomparison of two pas-
sive microwave snowfall detection algorithms over Europe, Proceedings of the Geoscience and Re-
mote Sensing Symposium (IGARSS), IEEE International, Milan, Italy, DOI:
10.1109/1GARSS.2015.7325878
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Products
e Webpage http://cics.umd.edu/sfr
e Webpage http://cics.umd.edu/~jdong/data

Performance Metrics FY15
# of new or improved products developed 1
# of products or techniques transitioned from 0
research to ops

# of peerreviewed papers 1
# of non-peered reviewed papers 1
# of invited presentations 1
# of graduate students supported by a CICS task N/A
# of undergraduate students supported by a 0
CICS task

Explanation of Table
This year, we evaluated the SD and SFR algorithms, published one refereed paper (1), published one
non-refereed paper (1) and made 1 presentation (1).
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Validation of Cryospheric EDRs GCOM AMSR2

Task Leader Cezar Kongoli

Task Code CKCK_AMSR_15

NOAA Sponsor JPSS

NOAA OFFICE NESDIS/STAR

Main CICS Research Topic b. ScientificSupport forthe Future Satellite Missions: (i) Scientificsupport

for the JPSS Mission
Percent contribution to CICS Themes Theme 1: 70%; Theme 2: 30%; Theme 3: 0%.
Percent contribution to NOAA Goals Goal 1: 20%; Goal 2: 80%

Highlight: A suite of AMSR2 operational algorithms for the retrieval of snow cover, snow depth and Snow
Water Equivalent has been developed and transitioned to operations.

Background

A suite of AMSR2 operational snow algorithms have been developed and transitioned for operational im-
plementation at NOAA as Option 2 products. The suite of snow productsincludes snow cover, snow depth
and Snow Water Equivalent (SWE). The snow coveralgorithmis a decision tree classification scheme origi-
nally developed forthe SSM/linstrument. The algorithmis enhanced with a climatology test which applies
snow cover climatology derived from the Interactive MultiSensor Snow and Ice Mapping Unit (IMS). The
snow depth algorithmis based on the NASA AMSR-E empirical dynamical approach whereby algorithmre-
gression coefficients are dynamically adjusted (computed from brightness temperatures). SWE is derived
fromthe retrieved SD and climatologically determined snow density.

Accomplishments

The three snow algorithms —snow cover extent, sow depth and sow water equivalent —have been devel-
oped and code transitioned to operations. Figure 1 presents statistical measures of accuracy for the snow
depth product with respecttoin-situ data.

. Number of
Bias (cm
samples

)
Alldata 17.97 0.39 130,036

f=0 17.20 -3.69 69,139
0.0<ff<=0.5 18.26 6.14 35,232
=05 16.78 3.46 25,665
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Figure 1. Snow Depth algorithm statistics with respecttoin-situ stations (left)and a map of retrieved Snow
Depth (right)

Publications
Lee, Y-K, C. Kongoli, andJ. Key, 2015. An in-depth evaluation of NOAA’s snow heritage algorithms, J. Atmos.
Oceanic Technol., 32, 2319-2336.

Planned Work

e Improve snow depth retrievals by adjusting coefficients and removing regional biases with respect
to climatology
e Improve snow cover product

Performance Metrics FY15
# of new or improved products developed 3
# of products or techniques transitioned from 3
research to ops
# of peerreviewed papers 1
# of non-peered reviewed papers 0
# of invited presentations 0
# of graduate students supported by a CICS task N/A
# of undergraduate students supported by a

0
CICStask

Explanation of Table
This year, three AMSR2 snow products have been improved (3) and transitioned to operations (3).
One peerreviewed paper has been published (1).
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