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Thisannual report of theCooperative Institute for Climate and Satellites (Ci€&yided

into three volumes.Volume lis a summary of all the activitie$ CICS including the ad-
mnh AN GA2Y FyR O2NB GlFatla yR GKS KAIKEAIKID
ational results, along withetevant appendicesvolume Il (for CICS1D) andVolume llI

(for CICSNC) contaira compilation of reports on the over 100 individual CICS tasks that
were undertaken this year for varioldational Oceanic and Atmospheric Administration
(NOAAYunders, includinghe Center for Satellite Applications and Research ($TAR
National Centers for Environmental Information (NCEljfice of Oceaniand Atmos-
pheric Research (OARJlimate Program Office (CPO); National Weather Service (NWS);
andthe Air Resources Laboratory (ARO)he acronyms in this report are compiled and
defined inAppendix 1

1.1 Background

The Cooperative Institute for Climate and Satellites (CICS) was formed in 2009 through a
national consortium of academic, ngaofit and community organizations, with leader-

ship from theUniversity of Maryland College Pait#MD) andNorth Carolina State Uni-
versity (NCSU) and principal locations in College Park, Maryland and Asheville, North
Carolina.The CICS Consortiuntludes a wide range of research universities, -poofit
organizations, and community groups. Its role is to augment the capabilities of CICS and
to extend its ability to conduct innovative and original collaborative research with NO-
AA. CICS' cooperagivagreement with NOAA was renewed for an additional five years in
2014.

CICS is administered as part of tR®AA/NESDIS/STAR Cooperative Research Program
Institutesand was the first exp@ment by NOAA and academic institutions to engage a
geographically dispersed, diverse set of more than 30 partner institutions across the
United States to address environmental change, their prediction, and potential impacts.

91 OK 27F [/ L/ tprSis dalvdarsdOmitihdbr fdjac@& 16 its main NOAA partner
CICOVID is adjacent to the NOAA Center for Weather and Climate Prediction (NCWCP).
CICSNCis collocated with the NCIHi Asheville, NC; CIDE is an Intemmstitutional Re-
search Center with #8 UNC System, where it is known as Nherth Carolina Institute

for Climate StudiesThe physical proximity at both locations greatly facilitates extensive
and productive collaboration between CICS and NOAA scientists.

The range of expertise needed to support NOAA is broad and varied. It ranges from
basic and applied research on the natural climate system, through study of the coupling
of the Earth system to societal responses, social science and policy researchkdo st
holder engagement and communication with the general public. It is clear that no one
institution or even a small number of institutions can provide all the necessary exper-
tise. Thus CICS was implemented as a consortium of partners with expertise goverin
0KS ONBFRUK 2F bh!! Q& LR2NITF2fA20


http://www.umd.edu/
http://www.ncsu.edu/
http://www.ncsu.edu/
http://www.star.nesdis.noaa.gov/star/CoRP_index.php
http://www.star.nesdis.noaa.gov/star/CoRP_index.php
http://www.ncics.org/
http://www.ncics.org/

The CICS Consortium was developed to address the wide breadth of challenges associ-
FGSR 6A0K Y2@Ay3 OfAYIGS A0ASyOS NBaSI NOK Ay
NESDIS. Institutions were selected for demoristtacapabilities in climate research

with a focus on observations, modeling and impacts. That is, institutions include both

natural and social science expertise.

The current CICS Consortium membership consists of the University of MaBd#dade
Park(UMD), the Joint Global Change Research Institcélocated with UMDthe Uni-
versity of North Carolina System (16 campuses, including NC State Univessity5ur-
face Hydrology Groupt Princeton UniversityCenter for Hydrometeorology & Remote
Sensingat University of California Irvinethe Climate and Radiation Growgd Howard
University Columbia UniversifyR] Institute for Global Environmental Strategi@&EH
City University of New Yo(CREST University of Illinois at Urbar@hampaignQregon
State UniversitfQOS$ University of Miam(RSMAS: CIMAS)University of Michigan,
University of South Caiiak (CISA& HVRI)the Barros Research Groap DukeUniversi-
ty, Colorado State UniversitiRemote Sensing Systen@imate Central North Carolina
Arboretum, Centers for Environmental and Climatic InteracfiBenaissance Computing
Institute (RENCIOak Ridge Associatddniversities (ORAURNd, Oak Ridge National
Laboratory (ORNL)

Due to the geographic and institutional diversity of the Consortium, maintaining institu-
tional interest in it and coherence across it is challenging s@winm coherence is fos-
tered by annual meetings and site visits by the CICS Executive Director, while ongoing
interactions associated with funded research and development activities, as well as pro-
posed collaborations for competitive awards, help mainteistitutional and principal
investigator interest.

Consortium membership is driven by stated federal needs to CICS. As needs are com-

Ydzy AOF GSR G2 [/ L/{= [/2yaz2NlAidzy YSYoSNBQ SELIS
the need can be addressed internally.ndt, then a broader search is initiated to find an

institution with the required expertise through a competitive process. Once an institu-

tion with the appropriate expertise has been identified, it is invited to join the Consorti-

um and author a task promal to the federal partner for review and support through

the cooperative agreement.

Federally funded Consortium activities are supported through the CICS Cooperative
Agreement via a series of subcontracts between the University of Maryland and North
Cardina State University and specifConsortium members, with UM& NCSU taking

the lead dependent on the specific collaboration.

CICS is arguably unigue among NOAA Cooperative Institutes in its distributed configura-
tion. The initial membership of the Csortium was chosen to ensure a broad spectrum
of expertise and experience appropriate to the proposed institute vision. Since CICS was

3


http://www.umd.edu/
http://www.umd.edu/
http://www.globalchange.umd.edu/
http://hydrology.princeton.edu/
http://hydrology.princeton.edu/
http://www.princeton.edu/
http://chrs.web.uci.edu/
http://chrs.web.uci.edu/
http://www.uci.edu/
http://www.gs.howard.edu/graduateprograms/atmosphericsciences.html
http://www.howard.edu/
http://www.howard.edu/
http://www.columbia.edu/
http://portal.iri.columbia.edu/portal/server.pt
http://www.strategies.org/
http://www.strategies.org/
http://www.cuny.edu/
http://crest.ccny.cuny.edu/
http://www.oregonstate.edu/
http://www.oregonstate.edu/
http://cioss.coas.oregonstate.edu/
http://www.miami.edu/
http://www.rsmas.miami.edu/
http://cimas.rsmas.miami.edu/
http://www.sc.edu/
http://www.cas.sc.edu/geog/research/cisa/index.html
http://webra.cas.sc.edu/hvri/
http://barros-group.cee.duke.edu/
http://www.duke.edu/
http://www.duke.edu/
http://www.colostate.edu/
http://www.remss.com/
http://www.climatecentral.org/
http://www.ncarboretum.org/
http://www.ncarboretum.org/
http://www.climatealive.org/
http://www.renci.org/
http://www.renci.org/
http://www.orau.org/
http://www.ornl.gov/
http://www.ornl.gov/

established, some evolution in membership has occurred. A few of the initial members
have found other methods to collabate with NOAA, while others have been unable to
identify a suitable niche. During the same period, several new partners have joined, ex-
tending the reach and capability of the Consortium.

The CICS Consortium provides NOAA with extraordinary opportuaitgage the extra
federal scientific and user communities on research, development, and outreach issues.
It is a remarkably broad and flexible mechanism that enables NOAA to benefit from the
collective capabilities of its members

1.2 CICS Vision andission

CICS' vision and mission derive from the historical expertise of the lead institutions and
partners that comprise the CICS Consortium, together with NOAA's requirements. The
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use satellite and in situ observations and Earth System models to advance the national

climate mission, including monitoring, understanding, predicting, and comratingc

information on climate variability and change.

MISSION
I LI {Q YA&aarzy Aa (2 O2yRdzOG NBaSIkNOKZ SRdzOl
with NOAA to:

1 Develop innovative applications of national and international satellite observa-
tions and avance transfer of such applications to enhance NOAA operational ac-
tivities;

1 Investigate observations and design information products and applications to de-
tect, monitor, and understand the impact of climate variability and change on
coastal and oceaniecosystems;

1 Identify and satisfy the climate needs of users of NOAA climate information
products, including atmospheric and oceanic reanalysis efforts;

1 Improve climate forecasts on scales from regional to global through the use of
observationderived infomation products, particularly ttough participation in
the Climate Test Bedt the National Centers for Environmental Prediction
(NCER

1 Develop and advance regional ecosystem models, particularly aimed at the Mid
Atlantic region, to predict the impact afimate variability and change on such
ecosystems; and

1 Establish and deliver effective and innovative strategies for articulating, com-
municating, and evaluating research results and reliable climate change infor-
mation to targeted public audiences.



The Resarch Themes for CICS are:

1 Theme 1. Climate and Satellite Research and Applicationsrporates the de-
velopment of new observing systems, or new climate observables from current
systems.

1 Theme 2: Climate and Satellite Observations and Monitorifgguses on: (a)
development and improvement of climate observables from current systems,
and (b) development of all continental and global fields of climate parameters
that can be used for climate analysis and climate model initialization.

1 Theme 3: Clima Research and Modeling ithe research component that
brings together (a) climate observables, modeling and validation in a compre-
hensive integrated whole, and (b) observational products with model develop-
ment efforts to enable research into the improventeof forecasts of climate
system variability on space scales ranging from regional to global, and time
scales from a week or two to centuries.

Research is conducted through in situ and remotely sensed observations, together with
component and coupledceanatmosphereland modeling. This muipronged ap-
proach provides a foundation for understanding and forecasting changes in the global
environment and regional implications. Data assimilation and regional downscaling are
used to link the observations dmmodels, enabling us to study the interactions between
the physcal climate system and biogelmemical cycles from global to regional scales.

The CICS Themes are unchanged from the original submitted proposal. As CICS research

has evolved since 2009 i@ LI2yaS (2 bh!! Qa ySSRax ¢2LAO ! N
as useful orgnizing devicedrigure lillustrates the relationship between the Themes

and the Topic Areas$n Figure 2we summarize graphically the stratification of active

task funding by CICSd®arch Theme and by NOAA Strategic Goal.



Theme 1: Theme 2: Theme 3:
Climate and Satellite Re- Climate andSatellite Obser- Climate Research and Mod-
search and Applications vations and Monitoring eling

Data Fusion and Algorithm Development

Calibration / Validation

Surface Observing Networks

Advancedsatellite Programs

Climate Research, Data Assiml Climate Research, Data Assim§
lation and Modeling lation and Modeling

Climate Data& Information Rec-

o National Climate Model Portal

Land and Hydrology

Earth System Monitoring from Satellitéstmosphere, Land)cean, Cryosphere)

Consortium Projects

National Climate Assessments

Education, Literacy, and Outreach J/
— . — — -

Figure 1 CICS Research Theraed Topic Areas




NOAA Mission and Goals

Goal 1: To understand and predict changes in climate, weather, oceals
coasts
Goal 2: To share that knowledge and information with others
Goal 3: To conserve and manage coastal and marine ecosystems and resources

CICS Themes

Theme 1: Climate and Satellite Research and Applications
Theme 2: Climate and Satellite Observations and Monitoring
Theme 3: Climate Research and Modeling

Figure 2:Distribution of CICS funding during the reporting period.




1.3 CIC8svD

CICSVID is based upon the metland experience gained by UMBrough its manage-
ment of the Cooperative Institute for Climate Studies in collaboratith NOAA begin-
ning in 1984 CICSMD focuses on the collaborative research in satellite observations
and Earth System modeling conducted by STMARich is part of theNOAANational
Environmental Satellite, Data and Information ServicNESDIS and NO-
AA/NWSNCEP During the first several years of the award, GMI3 has initiated addi-
tional collaborations with other NOAA units in the Washington, DC area, inclidag
and ARL.

CiC5Qa Kz2aild 2NEHIFIYyATIFI{iA2y Aa GKS O9@ESHICK {e&adsS
which is a joint center in the College of Computer, Mathematical, and Natural Sciences
(CMNS) between the University of Maryland Departments of Atmospheric & Oceanic
Science, Geology, and Geography, and the Earth Sciences Directorate Netitreal
Aeronautics and Space AdministratigNASA Goddard Space Flight CentéBSFC)
ESSIC seeks to understand better how the atmospbheeanland-biosphere compo-
nents of Earth interact as a coupled system and how human activities influence this sys-
tem through research that concentrates on four major areas: climate vaitgbénd
change; atmospheric coposition and processes; the global carbon cycle (inctuden-
restrial and marine ecostams/land use/cover change); and the global water cycle.
ESSICas fiduciary responsibility for CICS, provides the large majority ofMIDC$Hace,

and hires and employs the majority of CIK&B scientists and support staff. ESSIC has a
cooperative agreement with NASA/GSFC that is in many respects similar to CICS.

Snce CICMD includes UMDOaculty, staff and students from several units, we have
found it helpful to define CIG®D membersas faculty members who servéask Lead-

ersof a CICS task, individuals paid by a CICS task, and students daduitynemploy-

ees wio have been paid from a CICS task. The Satellite Climate Studies Branch (SCSB) of
NESDIS/STAR is collocated with ®A0Sn ESSIC, and so we also include the federal
employees in the SCSB as @MIBmembers.

14 CICSN\NC

CICSNC is an Intemstitutional Research Centeasf the Uhiversity of North Carolina
9UNC)System, referred to as North Carolina Institute for Climate Studies (NCICS). It is
administered by North Carolina State University (NCSU) and affiliated with all of the
UNC academic institions as well as a number of other academic and community part-
ners.CICNC focuses primarily on the collaborative research into the use of in situ and
remotely sensed observations in climate research and applications that is led by the
National ClimaticData Center of NOAA/NESDISICSNC also is engaged in productive
collaborative research with other NOAA elements, including the ARL Atmospheric Tur-
bulence and Diffusion Divisid@\TDD,) CICSC includes numerous partners from aca-
demic institutions with spcific expertise in utilizing satellite observations in climate re-
search, applications, and models.



1.5 CICS Consortium

The CICS Consortium includes a wide range of research universitigsafiblorganiza-
tions, and community groups. Its role is to augmthe capabilities of CICS and to ex-
tend its ability to conduct innovative and original collaborative research with NOAA. The
CICS Consortium includes CMI3 and CIGHC.Figure 3shows geographic distribution

of the current consortium partnergred dianonds are the principal nexuses. Black dia-
monds indicated CICS Consortium partners, and blue diamonds indicate the other
NESDIS Cooperative Institutes

CICS is arguably unique among NOAA Cooperative Institutes in its distributed configura-
tion. The initial membership of the Consortium was chosen to ensure a broad spectrum
of expertise and experience appropriate to the proposed institute vision. Since CICS was
established in 2009, some evolution in membership has occurred. A few of tha initi
members have found other methods to collaborate with NOAA, while others have been
unable to identify a suitable niche. During the same period, several new partners have
joined, extending the reach and capability of the Consortium.
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Figure 3 Spatialdistribution of CICS Consortium institutions.

The CICS Consortium provides NOAA with extraordinary opportunity to engage the ex-
tra-federal scientific and user communities on research, development, and outreach is-
sues. It is a remarkably broad and flexilsiechanism that enables NOAA to benefit

from the collective wisdom and capability of its members.



1.6 Governance

A Memorandum of Agreement (MOA) governing CICS organization andtiopewas
concluded between UMERnd NOAA in 2011. The MOA describes the configuration and
governance of CICS, and summarizes the functions of its several elements. The two prin-
cipal anchors, CIeD and CIGHC, are described, and the initial membership of the
Consortium is defined. ThMOA will expire at the end of the initialygar term of CICS.

The CICS Executive Board comprisesos®fficials representing UMINCSU/UNC Sys-
tem, and NOAA and provides advice and direction to CICS leadership on strategic and
executive issues. The@3 Council of Fellows is the primary planning and consultative
body for CICS and provides scientific advice to the Directors. Council members are
drawn from CICS task leaders, NOAA collaborating scientists, and other eminent scien-
tists from CICS partnersxd Consortium members.h€ Executive Boardurrent mem-
bersare:

For UMD
1 Amitabh Varshney Interim Vice President for Research
1 Jayanth BanavarDean, College of Computational, Mathematical and Natural
Sciences
1 Fernando MiralleaVilhelmc Interim Diredor, ESSIC

For NCSU/UNC System
1 Alan H. Rebag Vice Chancellor, Researdhnovationand Economic Develop-
ment, NCSU

1 Ray FornesProfessofEmeritusof Physics, College of Physical and Mathematical
Sciences, NCSU

1 Michael Todd; Executive Director, NResearch Campus

For NOAA
1 Harry CikanekActingDirector, NESDIS Center for Satellite Research and Applica-
tions (STAR)
William LapentaDirector, NWS/NCEP
Michael Tanner, Director, NOAA Center for Weather and Climate (NCEI)
Richard ArtéDr. Bruce BakeDAR Air Resources Laboratory
Margarita Gregg, NCEI Deputy Director

= =4 4 -
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2.1 Summary of Ahievements

This year we addedew metrics to reflect thanvolvement of CICS the development
of research productancludng those submitted to NOAA for consideration of their use
in operations Our efforts to communicate our scientific discoveries atathnologcal
innovations to other scientists are measured by publications and presentatioi@sS
also continusto train the next generation of NOAA scientists

CICS CUMULATIVE PERFORMANCE METRICS

Performance Metric016* (2015

# of new or improved products dewgdedthat became operational 160(207)
# of_products or techniques submitted to NOAA for consideration in @ 80(93)
erations use

# of peer reviewed papers 174(201
# of NOAA Technical Reports 93(51)
# of invited presentations 357(312
# of graduate students supported by a CICS task 31(20)
# of graduate students formally advised 59(43)
# ofundergraduate students mentored during the year 72(44)

(*) Figuredor 2016are reportedfor the period of April 1, 20H8arch 31, 2Q7.

These metrics are aattempt to quantify the annual accomplishments of CICS. This ta-
ble is a sum of the performancaetrics reported byindividual task leaders at CICS con-
sortium member institutionsPerformance metrics brokeout for CIC$ID ard CICHC

and other consortium members are included in Apperitiof this report

2.2 Research Khlights

In the following sections we summarize the research highlights frenpast twelve
months of this Cooperativegheement. Details of each of the research activities high-
lighted below are presented in Volume 2 of this report.

a. CiCsviD

These highlight$or CICSMD are segmented accordirig topic andNOAA partnerFun-
dersfrom NESDIS include STAR, NO&D Qffice of Systems DevelopmgnGOESPO

11



(GOESR Program Office)PSSO (JPSS Officde NOAA Ice Center (NIC), the Office of
Satellite Ground Seres (OSGS) the Joint Center for Satellite Data Assimilation (JCSDA)
and the National Ocean Service (N@8her NOAA funders include ARIROCPC (Cli-

mate Predictions CenterandNWS.

Data Fusion & Algorithm Development
Validation of Operational AMSR3STsThe 4th version of the GAASP product has been
used as the basis for development of a GHRSST-2BvR&MSR product which will
commence production in the NDE. This has required the development of a sensor
specific error statistics function, whichdeces regional biases and improves accuracy.
[STAR

Incorporation of Himawari8 SST into -&km Blended SST Analysisivestigations con-
tinue on the available version of the ACSPO Hima&&$T, which has been successfully
incorporated into the Ged’olar Bended SST analysis. Tests have included the effect of
a diurnal adjustment for the 48 SSTs during the input gridding. Since the SPO retrieval
algorithm utilizes direct regression, patterns of bias are somewhat different from the
previous MTSAZ Imager However, the AHI instrument has more channels, lower
noise, improved spatial resolution and better calibration. This permits a more linear so-
lution and makes the choice of algorithm less critical. The results are encouraging for
the prospect of incluohg data from the GOHS ABI and, in the future, Meteosat Third
Generation[STAR

An Investigation into the Feasibility of Accurate Lake Surface Temperaturegestiga-

tions into the utility of the existing ACSPO VIIRS SST product show that, for the Great
[F1Sa>X dzaAy3d 2yfteé RIFGF RSTAYSR GAGK | ljdzr £ A
large areas of observations that are actually valid. This exclusion is both substantial and

a8 YYSUONROSI APSd dzaS 2F 322 RE rdRd bidsed NB & dzf 0 a
warm with respect to the full distribution of valid temperatures. In order to allow the

many good observations of cooler water, it is necessary to relax the quality level to in-

Of dzRS RFGF Ff133SR | & a0l Réonankratekobser&k ya o KI
tions are also allowed to pass the threshold. Further investigations into coverage for a
representative target lake show that observations are almost absent during wtintet

Optimization of the cloud detection will be the first stepabtaining a viable automated

lake surface temperature product from the VIIRS missi®mAR

An Assessment of Existingkin Sea Surface Temperature Analysésvestigations into

the utility of the existing ~km SST analyses demonstrate that accuracyawtrage

are likely to be significantly worse than obtained for the currentknd GeoPolar
Blended SST analysis. The anticipated benefit of moving to a higher resolution SST anal-
ysis is therefore unlikely to be realized without dedicated effort into depment of
regional analyses tailored to the needs of Coral Reef WaBdAR

12



Development of Global Soil Moisture Product System (SMOWR&) have finished in-

gesting NOAA AMSR2 and NASA SMAP soil moisture data into SMOPS, ingesting NRT
SMOS, GMI and SMAIAghtness temperatures into SMOPS for its own soil moisture
retrievals and the new SMOPS version (V3.0) has been under testing at OSPO. The new
version of SMOPS is expected to go operational in the summer of PRIAR

JPSS Microwave Integrated RetravSystem (MIRS) Calibration and ValidationAn
updated MIRS Version 11.2 was delivered to NOAA operations for all NOAA operational
microwave satellites/sensors. The primary enhancement in V11.2 is the extension of
operational processing capability to GRBMI measurements. V11.2 is also backwards
compatible with all other operational satellite$§STAR

Developing and Refining Microwave Integrated Retrieval System (MIiRS) High Resolu-
tion Snow/Ice Products A significant update was done to snow water equivalent (SWE)
algorithm for all ATMS and AMSU/MHS satellites, which optionally allows for the use of
a vegetated forest fraction correction. Validation results over the U.S. using SNODAS
analyses show sidgigant improvements in snow cover detection and SWE, particularly
over forested regions of eastern and northern USTAR

GCOMWL1 Soil Moisture Product Development and Validatiowe have finished the
development of GCOMV1 AMSR2 soil moisture EDR prodalgorithm. The science
code of the algorithm has been completed and delivered to G&@IMteam at NO-
AA/NESDIS/STAR. The code is now operationally running thereru atthe produc-

tion code has been done over the whole AMSR2 data period using teeneaent ver-

sion of brightness temperature inputs. This historical data set will be used for the valida-
tion work using the irsitu measurements. This product has been ingested into SMOPS
Version 2.0 and after. Algorithm refinement has been intensivehdaoted to improve

both the spatial coverage and the quality of the retrievi&L AR

Science and Technology Infusion Strategy for the N@&eineration Global Prediction
System (NGGPS) Planningy:successful Science and Technology Infusion Strategy for
the NGGPS planning involves strategic issues for model and data assimilation develop-
ment and an explicit communitpased plan for agdbanced physical (scadvare) pa-
rameterizations with improved coupling of physical processes across radiation, bounda-
ry layer,deep and shallow convection and surface fluxes. Mentoring current NWS and
other NOAA staff is an important contribution to add perspective to a very complex un-
dertaking. Moreover, efficient and effective use of High Performance Computing (HPC)
resources through careful software design and HPC system planning is essential for
providing new and improved products to users through the NGGPS Program. A compre-
hensive diagnostic system is essential to identifying systematic forecast errors and to
measuring prgress toward minimizing these errors. This project contributes to building
such a systeniNWg
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Calibration/Validation
Science and Management Support for NPP VIIRS Surface TypePEabBsed Validated 1
maturity review. STAR

Suomi NPP (SNPP) Visilbtdrared Imager Radiometer Suite (VIIRS) Active Fire Prod-
ucts Applications for Fire Managemenf015 was successful in advancing our goals to
leverage SNPP VIIRS AF products for operational use of active asfilegpostnagement

and research. In additiorthe past year saw numerous opportunities realized for the
purposes of quality assessment (QA) and validation of the VIIRS AF data. We were en-
gaged with the role out of AWIPS Il and assisted with understanding the implementation
of the VIIRS AF produdiew VIIRS AF products, including fire radiative power (FRP) and
fire mask for the Mband product and the testing and eventual rolit of the tband fire
product has expanded the erdtda SNE Q Ay GSNBald Ay GKS +LLw{
we have pursad promoting and educating users about these new datasets. Finally, we
continue to employ our website to provide highlights of fire data and imagery from
VIIRS while offering clear and succinct information for the pulSiCAR

Continued Expansion, Enheement and Evolution of the NESDIS Snowfall Rate Prod-
uct to Support Weather Forecastingh new Snowfall Detection algorithm was devel-
oped, which combines current operational algorithm and weather forecast model; Su-
percool liquid water effect was modeled the 1D VAR satellite snowfall rate retrieval
algorithm. STAR

Transition and Enhancement of ATMS Snowfall Rate Product and its Fusion with
Weather Radar Data The ATMS snowfall rate algorithm was updated with the new
snowfall detection algorithm §TAR

Science and Management Support forN®P VIIRS Aerosol Optical Thickness (AOT),
Aerosol Particle Size Parameter (APSP), and Suspended Matter. {8bhave main-
tained and improved the-SIPP VIIRS Operational Aerosol Algorithm on the NOAA IDPS,
conductedintensive Calibration and Validation of the VIIRS Aerosol Products, and pro-
vided the validated Products of daily global aerosol observations to user communities to
support research and operational activities in weather, climate, and air qu&TyAR

NPRVIIRS Land Surface Albedo Validation Research and Algorithm Refinenvgat
developed an algorithm to estimate daily mean albedo from VIIRS. We developed a new
VIIRS gridded product of land surface albedo. We comprehensively evaluated VIIRS al-
bedo data usig newly collected data and we have also been routinely monitoring VIIRS
albedo product. FTAR

GOESR Active Fire/Hot Spot Characterization: Validation and Refinement of GOES
R/ABI Fire Detection Capabilitie®eepdive fire validation tool was expandedested
with DOE data and applied to pdsiunch ABI data.STAR

Radiometric Calibration for Jason 2 and 3 Advanced Microwave Radiom&i&r have
monitored the stability of JaseB Advanced Microwave Radiometer by comparing with

14
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Jasor2 AMR using vicarigusite methods, SNO method, and coldest ocean method. A
comparison of AMR radiance at 23.8 GHZ between Jasord ATMS is also carried out.
[STAR

Lunar and Stellar Calibration for GOIRSAdvanced Baseline Imager (ABI) in support of
the Calibration Workiig Group CICS scientists support Calibration and Validation work
for GOESR Advanced Baseline Imager (ABI) instrument through lunar calibration, stellar
calibration, and Imagery Navigation and Registration (INR) of GOES. $TAR

Pre- and PostLaunchCalibration/Validation Support for J1 and SuoiPP VIIRSCICS
scientists provide operational science support for SubliAP and J1 VIIRS instrument
through support radiometric calibration and validation of VIIRS by providindaprech
Support for J1 VIR performing lunar calibration, characterizing spectral degradation of
solar diffuser due to space radiation exposure, supporting DNB radiometric validation
with nightlight sources for SNPP VIIRS, DNB stray light correction LUT generation tool
developmentfor SuomiNPP and J1 VIIRS, and supporting VIIRS SDR team management
and coordination..$TAR

JLVIIRS and SNPWIRS Calibration Suppor€ICS scientists provide prelaunch science
support for JPS$ (J1) VIIRS instrument through suppor\MIIRS SDR lkap-tables
(LUTSs) validation, analysis ofVIIRS DNB scan mode change, developed tool to validate
the VIIRS Day/Night Band geolocation accuracy and for DNB radiometric validation with
nightlight sources, and support-Y1IRS TEB band calibration/caltima.. [STAR

Support of SNPP VIIRS SDR Calibration and Team Management/Coordin@lic® sci-
entists provide operational science support for SudRP VIIRS instrument through
support radiometric calibration of VIIRS by trending with lunar model and igicar
methods; perform VIIRS IDPS data quality assessment; perform DNB stray light correc-
tion assessment with DNB observation under mdight; support DNB radiometric and
geolocation validation with nightlight sources and support VIIRS SDR team management
and coordination. TAR

GOESRR NearSurface Unmanned Aircraft System (UAS) Feasibility Demonstration
Study. CICS scientists provide science, engineering and testing support forFo@as
surface Unmanned Aircraft System (UAS) feasibility demonstratialy sin particular,

this project supports GOHS nearsurface UAS design, performs hardware procurement
for the prototype UASs, and supports the integration, initial testing and field campaign
of GOER UAS. JTAR

Developing FrorEndProcessing for Migating JPSS ATMS Radiance Striping and Ra-
dio- Frequency InterferenceA modification successfully made to the striping noise miti-
gation algorithm, which worked for ATMS sounding channels, so that artefacts generat-
ed by the striping noise mitigation in th@indow channels are successfully removed
while the striping noise is mitigated as desiretRP$SP
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Scientific Support for Joint Polar Satellite System (JPSS) CrlIS, VIIRS and OMPS Calibra-
tion: CICS Scientist Yong Chen continued work to improve the cadibralgorithms,
including optimization of the calibration equation, implement ringing artifact reduction
algorithm updates into FSRDL software, further assess the spectral and radiometric
accuracies of the SDR product from the FSR processing systeemalypde JPSSpre-

launch test data and derive parameters for CrlIS spectral and radiometric calibration.
CICS scientists evaluate radiometric, spectral, and geometric calibration accuracy of
Crosstrack Infrared Sounder (CrIS) Sensor Data Records (S[3Rpom NPP and future

JPSS satellites, improve the data quality, and support operational use of numerical
weather predication (NWP) data asmilation and Environmental data record (EDR)
Team. Chungiang Wu is a visiting research scholar from China undsugpert of Dr

Yong Chen. Dr Wu mainly focus on the field of nonlinear (NL) correction in the Cross
track infrared Sounder (CrIS)leged calibration procedure. Some tools to derive NL pa-
rameters from various data sets are developed , which would betteditoptimization

of the calibration of J1 Cris. CICS Scientist Hui Xu works to improve the calibration algo-
rithms, including assess the accuracies of CrlS algorithms and updates CrIS SDR algo-
rithms into ADL softwareJTAR

Surface Observation Networks
Support for Air Quality Projects at the Air Resources LaboratajyCICS scientists gen-
erated highquality emission products to major updates in the NOAA O3 and PM2.5
forecasts; 2) CICS scientists conducted validation of VIIRS isoprene product using meas-
urements from two new cruises; 3) CICS scientists investigated the impact of the 2008
economic recession on US air quality; 4) CICS scien@sattbored UN report on global
assessment of sand and dust stormaR|[l

AdvancedSatellite Programs
Year 6 GOER/JPSS Visiting Scientist PrografCICS visiting scientist (VS) has lead the
GOESR and JPSS Proving Ground activities at the NOAA Center for Weather and Climate
Prediction and the Tropical Analysis Branch of the National Hurricane Center since May
2011 These proving grounds allow forecasters and researchers the opportunity to
evaluate new satellite technologies in every day operati@@@ESPLAPSSP

Facilitating Direct CICS Support for Satellite Proving Ground Efforts & Supporting Prob-
Severe Developnmé: Following nearly three years of effort, a NOAAPORT Satellite
Broadcast Network (SBN) antenna, receiver, and server have been installed-MZICS
The NOAAPORT will provide nearly identical feeds to those received at National Weath-
er Service (NWS) afes, allowing CI@8D to simulate operational environments for the

first time. [GOESPQAPSSP
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Scientific Support for the GOHS Mission
GOESEvapotranspiration (ET) and Drought Product System (GET-D). We have devel-
oped an operationa¢vapotranspiration and drought monitoring system using the GOES
Land Surface Temperature product, meteorological data and other ancillary satellite
remote sensing data. The GBETproduct has been made operational at NOAA OSPO.
[STAR

Washington D.C. Lighing Mapping Array Maintenance and Outreach & Re#he
Monitoring of Lightning Detection Network Performanceéeveral recent projects have
helped improve the visibility of the DCLMA and demonstrate its value for severe weath-
er analysis and public outreacls TAR

Development of Algorithms for Shortwave Radiation Budget from GBES®/e have
tested narrowto-broadband transformation coefficients based on heritage radiative
transfer simulations implemented with simulated ABI data; developed new transfor-
mation based on updated models of radiative transfer for implementation with the op-
erational versions of ABI and31AHI. GOESPP

Scientific Support for the JPSS Mission
Ocean Color LISCO (AERONET site) Cruise Data and Maitteuproject has continued
to provide a consistent stream of data from the SeaPRISM instrument on the Long Island
Sound Coastal Observatory (LISCO) to NARRONET. This quality assuresitin OC
data stream permitted evaluation of the quality of VIIRS retrieved OC products for
coastd waters conditions, statistical analysis of VIIRS, MODIS and AERONd:a,
and the impacts of the different processing schemes NASA and NOAA MSL12. Reflec-
tance data from VIIRS validation cruises 2014, 2015 and 2016 are analyzed and com-
pared with satelte data demonstrating good performance of CCNY instruments on
board.[STAR

Validation of Cryospheric EDRs GCOM AMSRdlended AMSR snow depth algo-
rithm using optimal interpolation ofn-situ surface Snow Depth has been developed.
[STAR

Continued Moiitoring and Day2 Algorithms of AMSR2 EDRECOMW/AMSR2 rain
NI} S LINBPRdzOUO | OKASOSR G+ f ARI[STARR al GdzZNAGe¢ d

NESDIS STAR Science Enterprise Support for Satellite Programs and JPSS Ground Pro-
ject Transition PlanDevelop a JPSSkireduction precipitation estimation algorithm for
ATMS[STAR

Development and Implementations of Marine Isoprene Emission Product using Multi-
ple JPSS Ocean Products to Support NAQFC Operafi@hsCICS scientists have ac-
guired new field campaign data that allow-situ product validation; 2) CICS scientists
have VIIRS isoprene validation using SPACES/OASIS andOAMEZTRBservations; 3)
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CICS scientists proposed and tested new improvement of isoprene retrieval algorithms
in light of the new validation resultfARLIPSSPD

Land Product Validation Research and Algorithm Refinement Science and Manage-
ment Support for the NPP/VIIRS Active Fire Produ&aseline VIIRS 750 m fire data
have been produced routinely at NDE, andrthisited via the NOAA/CLASS archive. Al-
gorithm has been ported to Community Satellite Processing Package (CSPP) managed by
the Cooperative Institute for Meteorological Satellite Studies (CIMMS). Refined VIIRS
375 m fire algorithm was ported to NOAA/NESRIBSSD

Technical Support of JPSS Land Surface Temperature and Albedo EDR Evaluation and
Improvement Our focus is on providing scientific and technical support on evaluation
and improvement of the VIIRS Land Surface Temperature and Albedo EDR product to
ensure it meets the NPP/JPSS mission requirement. It is also a continuous effort toward
the readiness of the LST/Albedo EDR product for future JPSS satellite[ SArAdR.

Climate Research, Data Assimilation and Modeling
Support for DiagnosticMonitoring and Forecast Activities at the Climate Prediction
Center The Task Leader continued working on the Subseasonal Excessive Heat Outlook
System (SEHOS) that he designed and developed. During this year the Task Leader (1)
introduced, developed andsed a forecast calibration peprocessing technique for the
forecast of excessive heat events, (2ywddoped a dashboard to provide critical infor-
mation to CPC forecasters, (3) executed realtime daily forecasts of heat events during
summer 2016, (4) degned and developed a novel system for monitoring heat waves
based on information by forecasters on the field, (5) investigated the capability of the
SEHOS to forecast specific heat waves that occurred during summer 2016, (6) compared
forecasts between theCFS and ECMWF models for specific events that occurred in
summer 2016, (7) trained a contractor to understand methodology and operation of the
above system, and (8) transitioned the experimental code for CFS Week3 & 4 forecasts
to operational mode. CPC

EnhanceAgricultural Drought Monitoring Using NPP/ JPSSLand BRsfor NIDIS 1)
Evaluated the improvements of real time green vegetation fraction (GVF) on Noah mod-
el-based soil moisture and soil temperature simulations, and near real time green vege-
tation fraction and albedo products are suggested to be used for better model perfor-
mance; 2) Offer a viable approach for addressing the issues that merging microwave soll
moisture retrievals to improve agricultural drought estimation is hampered by the un-
certanty propagation of satellite data rescateatch and quality control; 3) Relative to
subjectively equal weightedverage blending techniqdeased drought index, dewvel
oped a objectively integrational drought blended ind¢S.TAR

Enhancing NCERAM Weather Forecasts via Assimilating Reahe GOESR Observa-
tions of Land Surface Temperature and Green Vegetation FractBased on the land
data assimilation framework and evaluation tool implemented in previous funding cy-
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cles, we accomplished two majtasks in the current funding cycle, 1) conducted data
assimilation of both directly GOES/GEHESST observations and #f&fed ALEXI SM
data into weather forecast model; 2) evaluate the effectiveness and efficiency of the
two assimilation approaches and perted data assimilation evaluation statistics.
[STAR

Improve HYSPLIT Mercury Codmplemented Parallelization, improved model preci-
sion, developed Regional Eulerian Model within HY SR Bnd created a new set of
HYSPLIT meteorological input fielphsRL

Exploring Pathways to Improve MJO Predictiofi@ask Leader Jieshun Zhu conducted a
series of coupled simulations using the NCEP CFSv2 to explore the impacts of SST feed-
back and convection parameterization on the propagation simulations. The crieal

of SST feedback was first identified in maintaining MJO propagation. Analyses of two
simulations with different convection parameterization schemes further indicated that
including airsea coupling alone does not result in realistic maintenance ofMiI©
eastward propagation without the deelopment of favorable SST conditions in the
western Pacific. Diagnostics suggested that the-qmeditioning of SSTs is strongly af-
fected by surface latent heat fluxes that are modulated by surface wind anomalies i
both zonal and meridional direction<CPC

Science Support for Mesoscale Data Assimilation at EMC & JC®DK has been
completed to verify highresolution model forecasts of storm and cloud fields over Lake
Victoria with SEVIRI alky brightness temgratures in the GSI (Grabint Statistical In-
terpo-lation) system. SEVIRI infrared brightness temperatures for the water vapor and
window channels have been simulated using the experimental, haydiated North
American Mesocale forecast systeniRapid Rfresh (NAMRR) forecast system and the
Community Radiative Transfer Model (CRTM) implemented in the NCEP GSI data assimi-
lation system. With this verification method, three Lake Victoria storm cases were inves-
tigated and validated with and without assimilag SEVIRI cloudy radiances. Work has
also been done to further study the GSI cloud detection scheme in radiance space in-
stead of brightness temperature space. The corrected cloud detection code directly im-
proved the cloud top height and cloud fraction isates, which are two crucial factors

to assimilate SEVIRI cloudy radianGOESPP

Graduate Student Support: ENS@lated Precipitation in Recent Reanalyses and
CMIP5 ModelsThis year, we have distinguished the better and worse performing mod-
els from tdal 30 CMIP5 models, in an ENSO perspective, by comparing the models with
recent reanalyses and observations. The better performing model group can simulate
more realistic spatial patterns, mean magnitude and seasonal variability of-ENeg€x
precipitaton, as well as ENS®lated SST, diabatic heating and circulation structures
that resemble those of the reanalyses. We have also studied the connections between
ENS@elated precipitation biases in the models and model biases in SST, atmospheric
diabatic heating and circulations. The results show that models with stronger cold
tongue bias in the SST have more severe negative bias of the equatorial precipitation
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anomalies over the Pacific, combined with less atmospheric diabetic heating and lower
(upper) level convergence (divergence). The bias of double positive anomaly bands over
the eastern Pacific in the EN$€ated precipitation is also related to the EN&#lated

SST biases in the modeNHSDIB

GMU Support of NOAA Air Quality Forecasting, Reseanth Operations 1) GMU sci-
entist helped develop the NOAA unified dust forecasting system; 2) GMU scientist de-
veloped a new emission data assimilation algorithm to assess the impact of the 2008
economic recession on US air qualiyfR[l

Water Quality Monitoring of Coastal Urban Waters Using-Bitu Chemical Measure-
ments and Satellite Remote Sensing Dataistinct patterns in carbon, nitrogen, and
greenhouse gases extending along the urban watershed continuum to coastal zones.
Both dissolved organic and irganiccarbon concentrations increase from land to coast
whereas nitrogen concentrations show the opposite pattern. Carbon dioxide concentra-
tions also increased along the urban watershed continuum, which suggests that it can
be an important transformer ofarbon and nutrients to gaseous forms via river metabo-
lism. More rapid changes occur along different river reaches of the urban watershed
continuum, which suggests the importance of targeting restoration and management
decisions based on position and &ion. However, higher frequency data from remote
sensing is necessary to fill in the gaps when sampling cannot occur to fully understand
these spatial patterngSTAR

Improving Hurricane and Coastal QPFs through Direct Assimilation of GOEBI Ra-
diances in Regional ModelsA new infraredonly cloud mask algorithm was developed
for AHI/ABI data assimilation, which is critical when visible and-iméia@red channels
are not inputted to NWP systemgGOESPP

Advance CrIS Radiance Assimilation in GSlimgprove Forecasts of Highmpact
Weather Events An innovative double CO2 cloud detection algorithm was developed
for improving CrIS data assimilatiodPSSPD

CRTM Upgrades and Applications for GEHEBrogram An action was taken to correct
a mistakefound in CRTM that it failed to incorporate the new spectral response func-
tions of AHI after the launch of Himaw&i[STAR

Development and Improvement of Satellite Data Applications for Global and Regional
Weather Monitoring and ForecastingA new convetive initiation (CI) algorithm was
developed and delivered to NOAA for AHI d&BT AR

Climate Data and Information Records/Scientific Data Stewardship
World Ocean Database Updates and Seasonal Estimates of Ocean Temperature, Salini-
ty, Heat Content, andsteric Sea LeveFrom April 2016 through March 2017 the World
Ocean Database (largest publicly available quality controlled ocean profile database)
was updated four times, with over 200,000 profiles added by CICS staff. Additionally,
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the Northwest Atlatic Regional Climatology (highsolution decadal climatedgy of
the Northwest Atlantic) was released in the summer of 20Nl

Improving the Inventory, Discoverability, and Delivery of Oceanographic Data at the

National Centers for Environmental lofmation: Through this project, we have greatly

improved ocean profile datasets (WOD, ARGO, GTSPP, GOCD, led by James Beauchamp)
FYR Iy 20SIky ada2NKFIF OS RIGF aSihQarabdith antides { = f SR
livery through the National Centers for Eronmental Information (NCEI) geoportal and

THREDDS server. Z. Wang also developed the THREDDS access to the NOAA Center for
Operational Oceanographic Products and ServicesgR8) modelling data archived at

NCENC. NCE]

Ocean Data Stewardship: Devegment of a Global Thermosalinograph (TSG) Data-
base CICS/D Scientist Zhankun Wang | have constructed a Global Thermosalinograph
Database (NCEI-TSG) to facilitate access to the in situ sea surface salinity and tempera-
ture measurements. This database prasda comprehensive set of quality-controlled in

situ sea surface salinity (SSS) and temperature (SST) measurements collected from over
200 vessels during the period 1989 to the present. | also worked with NCEI personnel to
develop a NCEI Thermosalinograpbrtal to improve the discoverability of the data-
base. NCH|

Outgoing Longwave Radiation Monthly CDR¢ Software Rejuvenation NOAA/NCEI

CDR Program is in the process of migrating the Monthly OLR CDR production towards
the Full Operational Capability (FOC). Software package rejuvenation efforts reviewed
and revised the production code system for meeting the standards in compmuiter

gram language, system maintenance and efficiency. Industry compliant procedures for
software development are employed to ensure the comprehensive examination and
documentation of the production systen™NCH|

O&M for OLRMonthly and OLRDaily Climate @ta RecordsCICS is responsible for the
development, sustainment, maintenance and operational production of the OLR CDR
products for NCEI Climate Data Record Program, including the Monthly OLR CDR prod-
uct (v02r02a and v02r07) and the Daily OLR CDR prqd0&tO2final and v01r02
interim). [NCE]l

Ocean Acidification Data Stewardship (OADS) Proj&dw study on the global distri-
bution of pH, mechanisms and regressiddCE|l

NOAA Video Data Management System Modernization 2016, CICS played a signifi-

cant role developing improved ocean data products, working with the ocean science
community to provide global and regional ocean data, and validating new duzsed
20aSNUAY3 (SOKy2ft23aASad /L/{ NBASHNOKSNE Syt
dict and communicate climate variability by data dissemination and public education,

through web based #situ data, and by detailed descriptions of these data. CICS team
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actively participated in the continued development, maintenance, and enhancement of
the OR Video Portal, the NCEI Collection Level and Granule Level Geoportals, the World
Ocean Database, the World Ocean Atlas, and Regional Climatology Prd|€&ds. |

CICS Support for the management of Ocean and Climate Data originating from mem-

ber Regional Asociations of the US Integrated Ocean Observing System (I0OQ8)

2016, CICS played a significant role working with the ocean science community to pro-
GARS NBIA2YyIlLE 20SlIy RFEGF G2 GKS b/ 9L I NOKA@
ties to understandpredict and communicatelimate variability by data dissemination

and public education. CICS researchers provided resources to the community, which has
assisted numerous data providers throughout the oceanographic environmeGE][

CICS Support for thational Centers for Environmental Information (NCEI): Pathfind-

er Sea Surface Temperature (PFSST), Ocean Surface Salinity Investigation (OSSI), Ocean
Color Reprocessed Data (OCRD), and Jason 3 Stewardship Alch&@L6 CICS played

a significant role deeloping improved satellite data products, working with the ocean
science community to provide global and regional ocean data, and contributing to the
validating new spacbased ocean observing technologies. CICS researchers enhanced
bh! ! Q& | 0 defstardpedict an®condmylnicate climate variability by data dis-
semination and public education, through web basegiin and satellite data, and by
detailed descriptions of these dataNCE]l

Land and Hydrology
CICS Support for Hydroclimatologicacttivities at Climate Prediction CenteCICS re-
searcher developed a new weighting system to objectively combine multiple seasonal
probabilistic forecasts in the North American MtMbdel Ensemble (NMME). The new
system improves prediction skill of preitadion and temperature from baseline, equally
weighted forecasts.GPC

GOESR Water Cycle Products & Services to Support the National Weather SelMee

held a workshop in October with National Weather Service (NWS) and National Ocean
Services (NOS) &kholders to learn about their current and future needs for satellite
hydrology products. They set snowfall rate and evapotranspiration/soil moisture prod-
ucts as our first prioritiesGOESPP

Earth System Monitoring from Satellites
Towards Operational Astic Snow and Sea ice Thickness Produdts/el measurements
of snow on Arctic sea ice now routinely available using FMCW Snow Radar system
mounted on aircraft platform. Since Operation IceBridge measurements began in 2009,
we find that snow depth on firsyear sea ice is ~ 70 % of that on my#ar sea ice at
the end of winter, with some inteannual variability observedS[rAR
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SDSU Global Biomass Burning Emissions (GBBEP) Prédeicteveloped a global bio-
mass burning emissions product (GBBEPX) thatbawes fire detection and fire radia-
tive power (FRP) from a network of geostationary satellites and joolaiting satellites.
[STAR

SDSU Redlime Monitoring and Shorterm Forecasting of Phenology from GORS

ABI for the Use in Numerical Weather Predati Models We generated phenological
datasets using SEVERI EVI2 from ZW¥3 and investigated the impacts from rainfall.
Further, we conducted investigations of AHI time series observations for phenology de-
tections. The AHI, SEVERI, and VIIRS data wedeas proxy data of GORSor the re-
aktime monitoring of phenology development. The results show that SEVERI EVI2 and
AVHI significantly improves the data quality for tropical forest observations relative to
MODIS data. Moreover, the investigation aldwmws that wildfire has limited impacts on
green vegetation fraction (GVF) because fires generally occurs during dry seasons.
[STAR

SDSU Monitoring Land Surface Vegetation Phenology from VNRSdeveloped algo-

rithms and operational computer codes to mtor spring and fall foliage development

from VIIRS data. The algorithms were extended to entire northern hemisphere in 2016.
They were implemented to monitor in real time and forecast in 10 days ahead the green
leaf development. The results were routiggbroduced every -8lays and delivered to

NOAA JPSS Environmental Data Records. Further, the product was evaluated using Phe-
noCam data. Moreover, the phenological results were used for testing the Land Model

in EMC.$TAR

Decision Support Science
Identifying Users, Diagnosing Understandability Challenges, and Developing Prototype
{2tdziAzya F2NJ bh!! [JEfAYIGS t NBRAOUAZ2Y [ Sy S
Precipitation Outlooks The goals of this research are to understand how climate out-
looks ae understood and used in decisiomaking. By assessing both individual visuali-
zations and overall design of the forecast products, we aim to suggest pragmatic im-
provements that will improve the understandability and use of the products by deeision
makers[CPC

Research, Development and Implementation of National and Regional Physical, Eco-

logical, and Societal Climate Indicators for the NOAA and the USGCRP National Cli-

mate AssessmentY SyySe Qa NBaSIkNOK G§SFHY Aa €SIFRAy3 i
and theevaluation of an interagency climate indicator system to bring together data,
observations, and indicator products in innovative ways to better assess climate chang-

es, impacts, vulnerabilities, and preparedness and move the research products into op-

erations for decision supportJrPQ

Strengthening Coastal Community Resilience in the face of Climate Change: Science to
Better Understand, Measure, and Value Coastal Ecosystem Serviths third year of
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this project has resulted in the publication of 4 papemsaspects of coastal blue carbon,

the incorporation of ecosystem services into federal policy and decision making, and the
connections between ecosystem services and human health, and has also contributed to
significant progress in natural resource ppland climate policy goals for the U.8(3

Education,Literacyand Outreach
Summer Training of Undergduate students:The CIG®D Summer Initiative series
provides training and outreach opportunities for both graduate and undergraduate stu-
dents. The 2016 season involved a group of about 22 students with their corresponding
mentors. In some cases, the internship was extended to the rest of the year.

Climate Outreach, Education, and Community Engagement at the Climate Program

Office CIC®9MD{ OASy Aald !'ftArazy {GS@SyaQ I 002YLX AaK
semination of research results and program accomplishments from NOAA to the broad-

er national and international research and climat¢erested communities. Additionally,

her efforts helpstrengthen relationships with funded scientists and increase the visibil-

ity of the scientists, their research, and ultimately CPO as a result. Through enhanced

access to climateelated information, Ms. Stevens work supports greater opportunities

for collaboration and linkages among researchers and other user groGpX) |

b. CICSNC

CICSNC highlights are arranged by task stream with task sponsors noted in brackets [ ].

Primary NOAA support comes from NESDIS/NCEI; however, CICS activities are also fund-

edoe@ b2{ FYR h!wQa /[/fAYFGS t NPINFYY hFFAOS o/
Diffusion Division (ATDD), and the Earth System Research Laboratory (ESRL). While CICS

NC activities remain primary, NCICS scientists are also engaged in research projects sup-

ported by nonNOAA sponsors that currently include: The National Science Foundation

(NSF), the National Aeronautics and Space Administration (NASA), the Department of

Energy, and the U.S. Department of Defense (DoD).

Administration (NCEI/NCSU)
Information Technology Systems Improvement, Management, and Maintenam@i€S
staff require technological infrastructure and resources at a variety of levels. This task
supports those needs by providing modern approaches to keep-l00C& the competi-
tive edge oftechnology, as well as maintaining core technologies as a stable base for
CICS\C staff operations. These systems range from scientific computing to medium
scale officeoriented services. Improvements have been made in all aspects obCIC3 a
IT infrastricture towards a more reliable system that is both flexible and scalable while
still supporting cuttingedge technologies that support the communication and compu-
tational needs of the administrative and research staff at NCS
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Access and Services Déopment (CPO/NCEI)
Programming and Applications Development for Climate Portataff from UNC Ashe-
GAEESQa DblriaA2ylf 9Y@GANRYYSyGlf a2RStAy3a | yR
continued development and redesign of thé&).S Climate Resilience Toblki
(www.toolkit.climate.goy, the design of the new Climate Widget for climate projection
information, and the redesign of the Climate Explorer application
(http://toolkit.climate.gov/climate-explorel). In addition, NEMAC led the implementa-
tion of the Steps to Resilienare the Toolkitredesign and led several workshops in this
effort. These products and services support the overall advancement andegsagn of
GKS bh! ! Qa /tAYFGS {SNIBAOS&A t2NIFE &b/ {t 0 LN
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National Centers for Environmental Information ¥4 SNJ NBE&aSIF NOKAY 3 b/ 9L
ence and current site analytics, Medicacurrent identified key performance indicators for

tracking success, prioritized features based on user and stakeholder needs, and created

a bigpicture roadmap for user interaction. The outcome of this process wanékto-

end strategy, a fully designed interactive prototype, and a Drupal Functional Specifica-

tion, which outlines technical requirements for building the new Drupal 8 site.

Assessment Activities (NCEI/CPO)
Building on the support provided for the Thirt.S. National Climate Assessment
(NCA3)released in May 2014, the NOAA Assessment Technical Support Unit (TSU),
staffed largely by CI@$C personnel, is providing the same level of scientific, editorial,
graphic design, metadata, project management, progmang, and web design support
for a set of 50 State Summary reports (a NOAA contribution to the National Climate As-
aSaayvySyaoT GKS ! o{d Df2o6lf /KFEy3aS wSaSlt NOK
cial Report (CSSR), scheduled for release in late 201%harfeburth National Climate
Assessment (NCA4), scheduled for release in late 2018.

CICSNC staff in the TSU are also providing an expanded range of support for U.S.
Global Change Research Project (USGCRP) actjpitidading continuing development
and management of the www.globalchange.gov website and several author collabora-
tion and report development tools.

TSU Software SupparfThe National Climate Assessment integrates, evaluates, and in-
terprets the findings of the U.S. Global Change Research Prdgd@@CRP) into a single
cohesive report for policymakers and private entities to inform their decigiaking

and planning for the future. Given that these analyses are implemented with computer
software, this task focuses on ensuring the integrity andadaility of the programs de-
veloped for the NCA and assisting the lead scientist in their creation and development.

TSU Graphics Suppor€ICINC staff provided editorial, graphics, and production sup-
port for the Climate and Health Assessment (releasedpnl 2016), the State Climate
Summaries, the Climate Science Special Report (CSSR), and@GW@A4he intended
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audience, it is essential that figures and other graphical representations in these reports
are designed to be easily understood by a broadience while maintaining the highest
possible standards of accuracy and transparency.

U.S.¢ India Partnership for Climate Resilience (PCR) Workshop Suppestelopment

of state-of-the-art climate products and analysis tools for resilience planning and sus-
tainable development and provision to U.&India Partnership for Climate Resilience
(PCR) collaborators including practitioners and researchers.

TSU Web DevelopmenPlanned, designed, and built the Climate and Human Health
Assessmenthtp://health2016.globalchange.ggdwand the State Climate Summaries and
continued the redevelopment/redesign work of the USGCRP Resources/Collaboration
websites.

TSU Science Writing, Editorial, and Project Managem®8uapport CICNC staff provid-

SR SRAUZ2NALFE X 3INILKAOAZI YR LINBRdAzOGAZ2Y & dzLILJ
National Climate Assessment. Efforts this year focused on the release of, andupllow

AdzLIL2 NI F2NE GKS ! { D/ whctsloffCintate Eharkyg ah HNEBmJI2 NI = ¢
| SFEOGKY | {OASYUGAFTAO !aaSaavySyiaszeé SRAUOZ2NAL§
port currently under development, and input into the early development of the Fourth

National Climate Assessment.

Analytical Support forthe Fourth National Climate Assessmefita L Q& LINE LINRA S G I NJ
matelQ toolkit is being used and tailored to develop climate scenario products for the
Fourth National Climate Assessment regional and sectoral chapter authors.

An investigation into current anduture trends in severe thunderstorms and their envi-

ronments A 12 year (200@011) MRMS radar based hail climatology using the hail

proxy Maximum Expected Size of Hail (MESH) was completed at a basic level. This re-

quired implementation of several qualiy2 y 4 N2 f YSI adz2NBaz | yR RS@Sft
KFAf 2dzioNBF1¢ ONARGSNRF dzaAy3a ao9{l KFAf Of A"
GaSOSNBE KIFIAfé€ YR daaS@OSNB KFAf 2dzioNBIlI 1€ ONJ
tal parameters within the NARR. An an#@ysf short term trends in the MESH climatol-

ogy and long term trends in the NARRsed hail environments, specifically trends in

severe hail outbreaks, will be performed.

Climate Data Records and Scientific Data Stewardship (NCEI)
Climate Data Record (CpRitegrated Product Team (IPT) Subject Matter Expertise
Support Climate Data Record (CDR) IPTs are multidisciplinary teams comprised of
members from offices and organizations supporting the transition of resegratie
CDRs into an initial operationalpability (I0C) status. The IPTs are formed for the pur-
pose of efficient and effective collaboration, coordination and execution, and reporting
2F YSYOSNNE 2FFAOSKk2NBFYAT FGA2y GFaia NBI dzi N
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Expansion of CDR User Bdgeg., Obs4MIPs)The aim of this project is to make NOAA
Climate Data Records (CDRs) from observational platfoengs qatellite, in situ da-
tasets) easily available for evaluating climate model outputs produced for the Coupled
Model IntercomparisonProject Phase 5 (CMIP5). Results from analyses from CMIP5
were used for the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment
Report.

Optimum Interpolation Sea Surface Temperature (OISST) Transition to Operafibes
OISST production sofawe is being refactored to meet Climate Data Record Program
requirements for operation readinessattps://www.ncdc.noaa.gov/cdr/oceanic/sea
surfacetemperature-optimum-interpolation

Common Ingest Agile Development TeaBEwvaluation and testing of the NGED Com-
mon Ingest software for use at NE¥EC was completed and software implementation is
in progress at NCHRIC.

NOAA PERSIANBCDR Support for Hydrologic dnNVater Resource Planning and Man-
agement The PERSIANN Precipitation Climate Data Record (PERSR)drocessed
precipitation dataset at daily 0.250 ladng scale covering from 60°S to 60°N and 0° to
360° longitude from 1983 to June 2015. Application RERSIANSDR to hydro
climatological studies was demonstrated.

SpatiatTemporal Reconstruction of Geostationary Land Surface Temperature for Mul-
ti-Sensor DataGeostationary Earth Orbit thermal infrared data combined estimates of
net surface solar radian (or surface solar absorption) derived from the visible channel
is used in reconstructing the temporal evolution of LST even under partially -cloud
contaminated conditions.

Calibration of the Visible Channel of tHaternational Satellite Cloud Climatolgy Pro-

ject ISCCP) B1 data for the extended period (2@0DQ5) Calibration of the Geosta-
tionary Earth Orbit (GEO) visible channel in the ISCCP B1 data stream, completed for all
meteorological satellites for the period 1972009, is being revised for usg the Geo-
stationary Surface Albedo (GSA) project and extended for years beyond 2009.

Transitioning the International Satellite Cloud Climatology Project (ISCCP) Process to
NCEIThe Dseries ISCCP cloud product has not been updated since 2009 and it curre
resolution is somewhat antiquated at 2degrees latitude. NCEI routinely and regularly
received customer requests for updated ISCCP dagtanch of the Heries production

at NOAA/NCEI fulfills this lorayvaited need through providinthe knowledge anca-
pability to maintain this important climate data record.

Implementation of Geostationary Surface Albedo (GSA) Algorithm with GOES: data
The GSA algorithm is being implemented as the American contribution of an interna-
tional collaboration between Eur@p Japan, and the U.S. to produce a joint, global cli-
mate data record of land surface albedo.
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HIRS Temperature and Humidity Profilddhe team is developing a global temperature
and humidity profile dataset for the time period of 13f8esent. A neural netork
analysis approach is applied to Higisolution Infrared Radiation Sounder (HIRS) obser-
vations to produce the global dataset.

Scientific data stewardship for digital environmental data product$his effort focuses

on cuttingedge research in andpplication of scientific stewardship of individual digital
environmental data products and promoting scientific data stewardshiyg data stew-
ardship maturity matrix (DSMM) has been applied to more than 700 individual NCEI da-
tasets, and about 668 of thesDSMM assessment ratings are to be integrated into the
new NOAA OneStop Search and Discovery portal.-hethred two peesreview jour-

nal articles, chaired several conference sessions, and lead/ttiored several confer-
ence presentations.

Regional Varmbility of Sea Ice Coverag@&his effort focuses on examining temporal and
spatial variability of sea ice coverage and sensitivity of their trends and projections.
Longterm, consistent time series of monthly sea ice area and extents are computed for
the period of 197¢2015. Regional temporal variability of Arctic sea ice coverage and its
decadal trends are examined for the whole Arctic and 15regfions with the implica-

tion of spatial variability. Leaduthored two manuscripts to be submitted to peer
reviewed journals.

Toward the development of Reference Environmental Data Records (REDRS) for precip-
itation: Global evaluation of satellite based Quantitative Precipitation Estimates (QPES):
The project team conducted a lostgrm assessment of the different @®dlite based
precipitation products from the Reference Environmental Data Records (PERSI¥RIN
GPCP; CMORRIDR; AMSU-B Hydrebundle) and derived lonrterm global precipita-

tion characteristics at fine spatial and temporal resolution. This work isgbatoroader

effort to evaluate longerm multi-sensor QPEs and to develBgference Environmental
Data Records (REDRSs) for precipitation.

Identifying Tropical Variability with CDR3ropical variability identified through Climate
Data Records can be leaged for numerous end users, including climate monitoring,
the energy sector, and the U.S. military.

Hourly Precipitation Dataset (HPD) Quality Analydigior to the release of a new ver-
sion of the Hourly Precipitation Dataset (HPD), quality checks ezessary to ensure
that the data are of good, consistent quality, comparable to existing datasets.

Obs4MIPs Processingn order to facilitate the use of NCEI datasets by the modelling
community, a multiyear effort is underway to reformat several gretti mostly satel-
lite-based datasets into a standardized form.
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Surface Observing Networks
Analysis of U.S. Climate Reference Network (USCRN) Soil Moisture Observatiss
research is an analysis of USCRN soil observations for developumglarstanding of
spatial and temporal variability of soil moisture and temperature. The goal of this work
is to determine the changes in soil conditions to improve USCRN for drought monitoring
and satellite calibration.

Climate Monitoring and Research SBBINII ¥ 2NJ bh! ! Q& ! ANJ wSa2dzNDOS
Atmospheric Turbulence and Diffusion Division (ATDODRAU/ATDD performed annual

maintenance at 12 Alaskan USCRN sites and completed one additional Alaska site instal-

lation in  Yakutat bringing the current Alask site total to 19.
http://www.atdd.noaa.gov/research/

Extension of the Great Smoky Mountain Rain Gauge Mesonet and Exploration of the
Origins of Extreme Precipitation Events in the Southern AppalachiaruMains and

their Signatures as Observed by GGESCompleted Fall 201faintenance and data
collection gauge visits as part of this collaborative research effort to extend the period
of observations of the Duke University Great Smoky Mountains Nation&l Rain
Gauge Network (Duke GSMRGN). Details of every gauge visit along with precipitation
raw and CSVv files:
https://drive.google.com/open?id=0B9P8oUaRiBOweG5VcU9IWMVE3TDg

Development and verification of U.S. Climate Reference Network (USCRN) Quality As-
surance Method Completed the adoption work of USCRN precipitation algorithm with
colleagues at the National Ecological Observatory Network (NEON). In addition, the pre-
cipitation algorithm was used in the World Meteorological Organization (WMO) Solid
Precipitation InterComparison Experiment (SPICE) study. This task also developed a
methodology to capture spurious precipitation estimates from USCRN stations, which
led to the fgging of over 248,000 observation hours.

Development of an Extrdropical Cyclone Track datasefhis task worked to develop

processes to associate extmapical cyclone (ETC) low pressure centers and frontal
boundaries. These methods promote the tempbanalysis of ETC systems (low pres-

sure centers and fronts) over their lifespan, and linking of synoptic systems with weath-

er and climate observations. The approach is being evaluated with the National Weather

{ SNBAOSQa o0b2 {0 02 RaRwhizgidodueptNITC Y=g iO®he o0 dzf £ S
U.S. every 3 hours. In an effort to overlay NWS fronts with precipitation data, the daily

Global Historical Climatology Network (GHONobservations times were convert from

local standard time to UTC, and linked witie closest frontal boundary for each daily

observation.

Analysis of hydrological extremes from the U.S. Climate Reference Network (USCRN):
Completed a comparison between USCRN and the North American Regional Reanalysis
(NARR) soil moisture datasets, whielvealed that despite offsets in precipitation and

soil moisture conditions, modeled data had similar temporal trends to observed data. A
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preliminary analysis evaluating USCRN precipitation extremes for various temporal du-
rations was completed along witthe development of an approach to standardized
USCRN soil moisture observations.

Maintenance and Streamlining of the Global Historical Climatology Netwqrkionth-

ly (GHCMNM) Dataset:Using an open and transparent databank of land surface stations,

thenexi AGSNIGA2Y 2F bh! ! Qa It 206t GSYLISNI (dzNB
leased as a public beta. This new version includes more stations, along with enhance-

ments to the data quality and homogenization algorithms.

Development of a Homogenized Sionthly Temperature Monitoring Tool Steps

have been taken to create a subonthly tool for monitoring impacts of temperature
extremes in the United States. Using existing NCEI products, station data is aggregated
on the State, NCA region, and contiguous U.S.ldeteeanalyze current temperatures
against its period of record. A dataset has been produced internally, with plans to un-
dergo research to operation status.

Building a Climatology of Extreme Snowfall Events in the United Stafeproject has
been complete with both NOAA and FEMA to validate snowfall extremes for every
county in the United States. This will help mitigate future snowfall events, and also build
better spatial quality algorithms in our weather station data products.

Simplified and Opmal Analysis of NOAA Global Temperature Data: Data Validation,
New Insights, Climate Dynamics and Uncertainty Quantificati@eveloped a suite of
modern big data and computing tools for delivering NOAA environmental data to
schools, households, and tigeneral public.

Night Marine Air Temperature Near Redlime Dataset DevelopmenNight marine air
temperatures have been extracted from ICOADS data along with several other variables
including SST and thermometer heights aboard ships/buoys. Missing si@ghfilled in

using Pub. 47 data to give a more global representation.

Workforce Developmen{NCEI)
CICSNC actively works to identify and train the next generation of scientifically and
technically skilled climate scientists. Junior and/or aspisicigntists, including students
and postdoctoral researchers, play an important role in the conduct of research at CICS
NC. High School, Undergraduate, and Graduate level students and recerniogsst
support projects across the CH8IE task streams.

Water Sustainability and Climate Chang@& CrosfRegional Perspectiv®odel simula-
tions from the CMIP5 hindcast experiment were found to generally reproduce observed
regional trends in the number of monthly precipitation extremes for the period £981
2010. TheNE and MW showed the largest differences in extreme precipitation Trends.
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Climate Literacy, Outreach, Engagement and Communications (NCEI/NCSU)
CICSNC climate literacy, outreach, engagement, and communication activities are in-
terdisciplinary in naturewith both formal and informal activities that reach various
stakeholders across the public, private, and academic areas, ultimately to advance cli-
mate information and activities in adaptation and resilience.
https://www.cicsnc.org/events/

CICSNC staff participated indd2 educational outreach events in conjunction with the

celebration of the statevide 2016 and 2017 North Carolina Science Festival by provid-

ing climate and weather handouts and classroom agtideas at theMountain Science

Expol G GKS b2NIK /I NRBfAYIl | Nb2NS{(dzySciengeR | 0 L a
and Technology Exp&ICNC alsaoordinated numerous outreach events in Fall 2016

and Winter 2017. Engagement with higher education insitis is also a CIENC focus

area being served through mentorship of undergraduate and graduate students, invited
speaking engagements with university student and faculty audiences, and through de-
velopment of a distance education course.

Communications activities emphasize GNEINCICS research activities and facilitate

distribution of relevant information to Cl&@s/ k b/ L/ { Q @I NAQEHNMC a0 1 SK:
communication activities serve to raise awareness and highlight the accomplishments of

the Institute and its staff, including research findings of NCScientists and their NO-

AA/NCEI colleagues. Other activities include working to improve the science communi-

cation capabilities of CIENBC staff, expanding the social media reach of thdituts,

and providing editorial and communications support to NCEI.

G{LR4G GKS WALXY WAL / dNNByYyld 52 ®ReSrgnisl A2y T
are among the leading causes of beach injuries along coastal United States waters.

While there haved SSY aA3IYAFAOF Yl 2dziNBIF OK STFF2NIa oS
lated to informing the public on methods for sediscue and survival once in a rip, rela-

tively little effort has been placed on educating the public to identify rips in advance of

getting into the water. A comprehensive documentation of rip current events with high

definition video and photography from a variety of typical visitor views and aerial views

could then be used as educational collateral as part of a nationwide educatiomal ca

LI A3y G2 a{LRG GKS wALX |IyR LINBGSyild AyailyC
into potentially dangerous swimming conditions.

Other CICS PI Projects
Collaboration with the Centers for Disease Control on Issues Related to Climate and
Health: Interactions with the Centers for Disease Control and Prevention to build col-
laboration on issues related to climate and health and increase the understanding of the
impact of climate on human healtfCDC]
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The Urban Resilience to Extremes Sustainability éaesh Network (UREx SRMna-
feT SR I adaAdS 2F R24yalOlftSR OfAYIFGS Y2RSf
summary of climate extremes for seven of the UREx SRN pilot fit{es]

Incorporation of climate change into Intensigpuration¢FrequencyDesign ValuesAn
algorithm to automatically identify the location and type of fronts in reanalysis data was
developed and tested against a dataset of manually analyzed fronts from NOAA coded
surface bulletins|[DOD / SERDP]

Climate indicators to track th seasonal evolution of the Arctic sea ice cover to support
stakeholders This project utilizes the NOAA/NSIDC (National Snow and Ice Data Center)
Sea Ice Concentration Climate Data Record (CDR) to develop a consistent, high quality
suite of sea ice climatindicators that track the seasonal evolution of the Arctic sea ice
cover from spring through fall, in addition to commonly used sea ice coverage indica-
tors. CICSIC contributes to this effort by assisting with the CDR fields and integration of
the fieldswith the melt/freeze and advance/retreat parametefSlASA]

Synthesis of Observed and Simulated Rain Microphysics to Inform a New Bayesian Sta-
tistical Framework for Microphysical Parameterization in Climate Modekhis re-
search project aims atomprehensively investigating the representation and associated
uncertainties of rain microphysical processes in weather and climate models. In order to
guantify those uncertainties in microphysical formulations, we develop an innovative
Bayesian statistal framework that combines the extensive radar and grobaded da-

ta from ARM field campaigns, bin microphysical modeling, and a new bulk parameteriza-
tion. [DOE]

Role of Kelvin Waves in Tropical CyclogeneKislvin waves encourage tropical cyclo-
genesis bylosing the midlevel circulation in the predecessor easterly wgiasSA]

Drought Data for Human Health Studie€\ project has been completed to provide
county level drought information to the Centers for Disease Control and Prevention
(CDC). The data s&een organized to satisfy needs of CDC, and it has been sent to their
website for public dissemination. Data is currently being used to build a statistical clima-
tology of drought information, going back to 1896DC]
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CICS core activities include education, coordination, scientific computing, outreach,
management and administration related to CIaB, CICSIC and Consortium efforts.
During the past 12 months, CICS leaders have continued to establish the essential ad-
minidrative and management activities required to support the collaborative science
and research.Activities include institute administration, office administration, account-

ing and finance, proposalevelopment/support, contracts angrants management,
human resources, information technology, international linkages, and education and
outreach.In addition, further progress has been achieved on the full suite of core activi-
ties, as described below.

3.1 Management and Administration

CICS is led bysitexecutive Director, Dr. Fernando Mirall®ghelm at the University of
Maryland and is hosted by ESSIe primary mechanisms that support the Executive
Director in ensuring coherent collaboration across the entire Consortinotudirg the
Councilof Fellows, the Science Meetifg), and the suppordf the CICS1D and CICGHC
Directors.

CICOMD is led by Dr. Hugo Berbery@MD. CICS/D includes research and professorial
faculty members from ESS#dd the Department of Atmospheric and Oceanic Science
(AOS(; the Department of Geographical Sciendg€&EO§ andthe Department of As-
tronomy (ASTIR and supports a number of Research Associate and Faculty Research As-
sistant positions in each unitn addition, GCSMD supports a number of graduate re-
search assistants. CHUV® financial and personnel operations are supported by each
employing unit. Administrative work is handled by the Ci&5 Coordinator, Debra
Baker.ESSIC Assistabirector Andrew Negri also pvaes supporton personnel and
other matters. The ESSIBusiness Office, directed by Ms. June Shemsginages the
UMD funding and accounting effortas well as the subcontracts f@ICINC and Con-
sortium members.

CICS\Cis kd by Dr. Otis B. Browmiredor of the North Carolina Institute for Climate
Studies (NCIC@nd is hosted byNCSU on behalf of UNC SysteabhCINC collocated
within the National Climatic Data Center in Asheville, N CIGS8IC administrative
teamincludes

1 Janice Mills, Business Manager

1 Theresa Stone, Program Specialist

1 JennyDissen, Director of Climate Literacy, Outreach and Engagement

9 Jonathan Brannock, Network/Systems Analyst

1 Scott Wilkins, Operations/Systems Specialist
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3.2 Coordination

A continuingchallenge for CICS is to ensure that collaboration and communication
FONRP&aa GKS SyYyGANB /2yaz2NIlAdzy O2y (NROdzi Sa
sion. Several mechanisms are utilized to this end, ranging from direct discussions
among the Directs to participation in the annuaCooperative Research Program
(CoRIP Symposium to facilitating visits among students and scientists associated with
CICS and other Cooperative Institutes.

3.3  Education

[ L/ { &dzLJLI2 NI a b h! !devalop@ehioivarsaciéts tfial is endroninghS
tally responsible, climate resilient and adaptive and utilizes effective, scieased
problem-solving skills (e.g. STEM based learning) in education. CICS scientists and edu-
OF 0 2NA LI NI A OA LI duation pfograrhs!td adviancedtherddvelap@entS

of strong and comprehensive education and outreach activities about climate and oce-
anic and atmospheric sciences.

Through CICS education, outreach, and engagement activities, CICS scientists involve
students inclimate science and enable students and teachers to explore and understand
the large volumes of climate data that NOAA collects about the Earth. Working collabo-
ratively with other academic and public partners, stakeholders, and the private sector,
CICS seports and engages in various educational and outreatdited activities to ad-

vance the following areas:

I. Increase awareness of climate science and changes in the climate system

ii. Grow the understanding of how climate data is collected, observed, analyzed,
and used in research purposes

ii. Increase awareness of climate datasets and products, and how educational
teachers/professors can make use of climate data products for teaching climate
science

iv. Demonstrate capacity building on the various impacts of climasngk across
public, private, and academic arenas

V. Increase private sector understanding and use of climate data and information
for their strategic and operational use

Education, outreach and engagement are all important elements of the CICS mission.
CICS mgages in the improvement of both formal and informal education approaches to
these areas of foci, as both of these approaches are important to the development of
climateliterate citizens and a climatedaptive society. These activities are broadly
grouped within k12 Education, Undergraduate Education, Graduate and Postdoctoral
Education, Opportunities in Education Outreach, and Private Sector Engagement. Below
are descriptions of the various activities CHas tackled in the past year.
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K-12 Education

CICNC conducts outreach activities acrosslK higher education, and the general
LJdzoft AO G2 | ROFYyOS SYGANRYYSYylGlf AYyF2N¥IGAZ2Y
outreach activities included:

1 4/9/2016: Mountain Science Expo, Asheville, NC Therea Stone, Laura Ste-
vens and Scott Stevens, represented GICSat a booth with NCEI as part of the
larger NC Science Festival events. This event was open to the public, with ~1500
attendees. The booth showcased the Cyclone Center, the National Climate As-
sesment, and NOAA educational materials.

1 4/15/2016: ICC Science and Technology Expo, Isothermal Community College,
Spindale, NC. Theresa Stone gave a 20 minute presentations on the NCA, climate
change, and the Cyclone Center to 8 groups of 6th graders stti@énts) from
Polk County.

1 4/21/2016: Climate and Weather at NCEI/CICS, Asheville, NC. Theresa Stone,
Scott Stevens, Paula Hennon, and Jared Rennie, partnered with NCEI to provide
an overview of NCEI activities, and give presentations on "What is t€lima
Change and How do we know it's real”, the Cyclone Center website, and "Coding
in Climate Science" to 30 students and their parents.

1 4/23/2016: "Celebrate STEM" Buncombe County Schools, Nesbitt Discovery
Academy (STEM HS), Asheville, NC. Theresa Stetellta CIGNC booth with
~500 K5 students and their parents. Participants received NOAA climate materi-
als, info on the Cyclone Center, and climate literacy and built rain gauges as a
handson activity.

1 4/27/2016: East Yancey Middle School, BurnsvNl€. Scott Stevens gave a
presentation on climate change to all 7th grade science classes.

1 05/20/2016: Environmental Educators of North Carolina (EENC) Western Section,
NCEI/CICS, Asheville, NC. Theresa Stone and Tom Maycock coordinated presen-
tations by ake Crouch (NCEI) on the Climate Monitoring branch and their activi-
ties, Greg Hammer (NCEI) gave a tour of building with focus on IT capabilities and
the archive, and Jeff Robel (NCEI) gave a presentation on the customer service
branch activities to 12 EENparticipants.

1 6/16/2016: Brevard HS, Brevard, NC. Scott Stevens, Jenn Runkle, and Jessicca
Griffin gave presentations to 10 high school science students participating in
an intensive yeaftong program that allowed them to conduct original research
into their own questions.

1 06/20/2016: St. Mark's Lutheran Church Vacation Bible School, Asheville, NC.
Carl Schreck taught science lessons, made anemometers, and provided weather
related handouts.

1 10/11/2016-10/13/2016: Asheville Middle School, Asheville,. I$Cott Stevens,
Laura Stevens, and Jared Rennie each took a day of classes'(fpad& classes
each day), speaking about what NCEI does, and how we safeguard all of the na-
tion's weather and climate observations.
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1 11/22/2016: North Buncombe ElementaBchool Career Day, Asheville, NC. Carl
Schreck presented on hurricanes and rain gauges to the special needs classrooms
(K-4).

1 12/9/2016: Isaac Dickson Elementary School, Asheville, NC. Linda Copley and
Jared Rennie supported the Hour of Code outreach egarDec. 9th for Kinder-
garten, 1st, 2nd, and 3rd grades.

1 12/9/2016: Ira B. Jones Elementary, Asheville, NC. Jared Rennie gave a presenta-
GA2y (2 drtp pdidK ANIRSNE 2y bHb2SIFGKSNE /[ fAY

1 02/14/2017: Imagine Collegiate Invest (charter schoolheAsle, NC. Scott Ste-
vens gave three presentations centered on the value of keeping 150 years of
weather data to ~50 7th grade science classes.

1 02/17/2017: Etowah Elementary School Career Day, Etowah, NC. Scott Stevens
gave three presentations to ~40ustents ranging from 3rd to 5th grade about
meteorology as a career.

1 03/24/2017: UN&harlotte Weatherfest, Charlotte, NC. Theresa Stone manned
a CICSIC booth giving out weather activity handouts and demonstrating the Cy-
clone Center.

1 03/29/2017: FranklirSchool of Innovation Career Day, Asheville, NC. Laura Ste-
vens was a presenter to ~60 6th to 11th grade students.

1 03/31/2017: Isothermal Community College STEM Expo, Spindale, NC. Theresa
Stone gave presentations to ~160 6th graders on the use of sasedlitd radar
Ay OftAYIFI0S &aO0OASYyOS FyR dzaSR b/ 9LQ&a al 3AO0
images of hurricanes around the globe.

Figure 4 Jared Rennie with students at Bethel Middle 8timoWaynesville, NC
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Undergraduate Education

CICS supportsducation, literacy and outreach to universigvel students by providing

internship opportunities, mentoring and advising for graduating college seniors, under-
graduate and graduate student researchers who have a strong desire to enhance their
researchaR |yl feaAra ajAatfta o0& 62NJAy3I 6A0GK bh! !
ship program is very comprehensive and designed to prepare a young meteorologist or
climatologist for an entrjjevel data analysis position or provide desirable research skills
NpSLI NI GA2Yy F2NJ NI Rdzr S addzRASad {GdzRSyida ¢
such as scientific software engineering best practices with Pytlaged scientific pro-

gramming, HigHPerformance Grid Computing, GIS, and Adobe Creative Suite.

cicawba Of2asSfteée fAY{SR (2 ! YAOSSNEAGKri®T al NECf
stance, he Department of Atmospheric and Oceanic Science (AOSC), where many CICS
scientists are either members or affiliated resel@ers has amundergraduate program

(BS) Theprogram has been designed to teach broad based knowledge in meteorology,
oceanography, climate and air pollution. The degree satisfies the requirements for fed-

eral service positions as a meteorologist or oceanographer, and also follows the Ameri-

can Meteordogical Society's statement on bachelor's degrees in Atmospheric Science.

The emphasis of the program is on preparing undergraduates to become generators of
knowledge, or researchers, instead of idle consumers of knowledge that others produce.
Undergraduags are already working on thesis projects with their CICS advisors, and the

close partnership between the AOSC department and CICS is a major recruiting tool for

the undergraduate program. For the lasto summers, CICS has hostatlergraduate

students in Maryland Figure5) to provide trainingn scientific methods applied to cli-

mate studies. Given the growing interest in students as well as scientists, the intent is to

expand this activity.

Figure5: (a) Jim Carton, AOSC Chair, duringiagergraduate ocean science class. (b)
An undergraduate student presents her poster with results of her summer research at
the CICS/1D Science meeting

AOSC also offers a Professional Masters degree. The graduate degree is designed for
working professional who need cuttingedge skills and knowledge in atmospheric and
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oceanic science, air quality and computational methods. It offers the rigor required to
understand scientific advances in the field and the flexibility needed by individuals to
customize the warriculum towards their educational goals. The professional masters is
organized into three certificate tracks. A certificate is earned after the completion of
four classes, and two certificates plus two classes from the third track earns the student
a magers degree. The plan is especially attractive to working students who may have to
relocate for their jobs before finishing an entire masters program. In the professional
masters, students can keep the certificates they earn should they need to leave early
This is in marked contrast to academic masters programs where students keep nothing
but classroom credit if they must leave early. We anticipate that the program will be es-
pecially attractive federal employees and contractors needing additional traifung
their jobs or for a promotion.

CICS personnel are involved in teaching courses like Geography 415 (Land Use, Climate
Change, and Sustainability), AOSC 432 (an undergraduate atmospheric dynamics
course), and AMSC 460 (an undergraduate scientific ccaiput course). Other CICS
researchers are engaged in teaching courses and classes at other universities. For exam-
ple, James Reagan has helped create an alumni mentorship program at Cornell Universi-
ty for Atmospheric Science undergraduates, while Cezar ®liohgs mentored one un-
dergraduate student at American University during her admission andyeae study

abroad academic program at Oxford University, UK. He is currently mentoring another
undergraduate student from American University on her graduatereé®grogram in
environmental management at Oxford University, UK.

Mentoring undergraduate students iscience policy researcis an important goal of

our research programSuch experiences provide opportunities to do research that uses
and supports NOAA igsion science and helps the students to hone their science inter-
ests, skills, and talents outside of the classroorhus, we take the education of student
interns and fellows very seriously and develop a robust set of opportunities to develop
their skilk in science policy coordination and research methddfe actively engage the
students in meetings and provide them with opportunities to learn the process of effec-
tive technical team and research coordinatioWe hone their skills in science editing
and research through report preparation and editing, drafting policy memaos, writing
professional emails, developing and managing datasets, and assessing scientific litera-
ture and writing reviews Additionally, we regularly hold professional development ses-
sions to help the interns and fellows learn about networking, writing cover letters and
resumes, and providing professional introductiond/e invite the students to attend
scientific conferences, congressional briefings, seminars, and informal networking re-
ceptions with scientists and practitioners.

During the summer, the policyrpgram brings in a cohort of-50 undergraduate stu-

dents because we find that the students are able to work together to address questions,
GKS& OFy fSINY ¥ NR, We car blild préfassfoSaNdaielopinanNdoy 3 (
grams for the entire group, and they have more fun and a better research experi-
ence. Historically about half of our summer policy students have been from UMD and
the other half from other universities around¢hU.S.We also include Ph.D. and Mas-
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ters students (who have their own support through programs such as the Washington
State University IGERT) who would like to work part of their time on Indicators activities
and part of their time on a science policy easch project, thesis, or dissertation chap-

ter that would support the longerm Indicators goals and lead to a paerviewed man-
uscript. The addition of graduate students has been very successful because it provides
the undergraduate students additionalentors and allows them the opportunity to par-
ticipate in a greater diversity of research projects by assisting the graduate students.

CICS task leaders have taught spesuimhmer coursesat CREST on topics such as Geo-
graphical Information Systems and MaLfor students from Summer REU and Educa-
tion Outreach Programs for High School and Senior Students. Four undergraduate stu-
dents from the CE department learned how to download, read, and process GOES IR,
CALIPSO, and CloudSat data for use. One REU undexigrachd one high school stu-

dent learned how to acquire, read, and process satellite (GOES & MODIS) data, as well
as to understand some of the cloud physical properties.

CIC9MD has launched a summer program to provide training and outreach opportuni-
ties for both graduate and undergraduate students. TRECSVID Summer Initiative
(CSl)pairs students with mentors to conduct original scientific research and help train
future NOAA scientists. The CSI provides a framework that includes software tutorials,
informal student presentations, weather/climate discussions, and interactions with oth-
er institutions to maximize the student experience. The CSI not only focuses on training
GKA&a &SI NDRa addzRSyidas> o deD studerts?2 SumghéNderas (2 NB ON
hail from a wide variety of backgrounds, including UMD undergraduates, Hollings Schol-
ars from other states, and UMD graduate students. These studEigsrg6) are spon-
sored through various projects, but the availability of funding often becomi@siting

fador. The number of students () and proximity to their mentors lead to an ex-
tremely successful 2016SI, and lessons learned will be applied to future summer initia-
tives.

igure 6 TheSummer 2016ohort of the CSI.
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Graduate andPostdoctoral Education

CICSVID is located in College Park MD and centered on the Earth System Science Inter-
disciplinary Center (ESSIC). ESSIC is a joint center betwegnitieesity of Maryland
Departments ofAtmospheric & Oceanic Scien¢8OSC)Geology(GEOL)Geography
(GEOG), and thearth Sciences Directoratt the NASA/Goddard Space Flight Center
ESSIC's goal is to enhance understanding of the coupled interactions of the atmosphere,
ocean, land, and biosphere components of the Earth andrifieence of human activi-

ties on this system. This is accomplished via studies of the interaction between the phys-
ical climate systeme(g., El Nino) and biogeochemical cyclesg( greenhouse gases,
changes in land use and coveiljhe major research tiists of the center are studies of
Climate Variability and ChangAtmospheric Composition and Processése Global
Carbon Cycldincluding Terrestrial and Marine Ecosystems/Land Use/Cover Change),
and the Global Water CycleThis research is accomplished isafi@lyses of in situ and
remotely sensed observations together with component and coupled ocean
atmosphereland models. Together these provide a foundation for understanding and
forecasting changes in the global environment and regional implications. d3atanila-

tion and regional downscaling provide the means by which the observations and models
are linked to study the interactions between the physical climate system and biogeo-
chemical cycles from global to regional scales.

CIC9MD has entered in an agreemt with STAR/NESDIS to establish the provision for
scientists (Visiting Scientists, Research Scientists and Research Associates/Postdoctoral
Fellows) to be appointed as NOAA/STAR temporary scientific staff. These positions will
be located at STAR headqtexs (University of Maryland Research Park, College Park,
Maryland) and in other locations as deemed appropriate by the NOAA/STAR program
manager. CICHD is located at the same research park, thus facilitating exchanges and
visits without any additional x@enses. Support for these positions will be from NO-
AA/NESDIS Center for Satellite Applications & Research (STAR) via (a) STAR central fund-
ing or (b) STAR science projects.

Professional interactions will be fostered among the @MC5and NESDIS/STAR Post-
doctoral fellows and resident scientists in both groups by 1) scientific collaborations, 2)
working visits, 3) scientific conferences, workshops, and seminars, 4) sharing of facilities,
software, and data sets, and 5) other means required to foster thikiwg agreement.

Graduate degrees for CIGHD students are granted by the Departments, and many
ESSIC faculty members have joint appointments and affiliations with AOSC, GEOL and
GEOG. CIMD scientists include numerous faculty members from ESSIC amdtie

partner Departments CICS/D is able to draw on the extensive heritage of collabora-
tion between UMDand NOAA that has enable numerous NOAA scientists to take cours-
es in the physics of the atmosphere and ocean, and to obtain advanced degrees, as illus-
trated by the (until recently) Executive Director of CICS, Phillip Arkin, and Mitch Gold-
berg, the Chief of th&atellite Meteorology & Climatology Division.

CICOMD scientists often provide lectures or teach courses, and several new courses
have been devebped specifically to enhance the University's educational program in the
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areas of most relevance to CICS and NOAA research. For example, Introduction to Earth
System Science (AOSC 680) presents an introduction to the study of the earth as a sys-
tem, includng the atmosphere, oceans, land, cryosphere, solid earth, and humans. It
covers cycling of materials and energy in the earth system: the energy cycle, the hydro-
logic cycle, the carbon cycle, the nitrogen cycle, as well as climate processes and varia-
bility, including landatmosphere, ocean atmosphere, biospheienate, and human
interactions, and shortand longterm variability in climate.

CICSNC is located within a University of North Carolina hhtestitutional Research Cen-

ter in Asheville NC and adnmitered by NCSU through the Department of Marine, Earth
and Atmospheric Sciences (MEASBEASNcludes approximately 40 faculty, 100 gradu-
ate students and 150 undergraduates involved in basicapplied studies of Earth Sys-
tems. Principal concentrations include weather prediction, air qualitysesr interac-
tions, storm and climate modeling, hydrology, geochemistry, oceanography, surface
processes and regional geology. The NO8partment of Statisticss among the na-
tion's oldest and most prestigious, having been founded by renowned statistician Ger-
trude Cox in 19411t receives support from both the College of Physical and Mathemat-
ical Sciences and th@ollege of Agriculture and Life Sciences. Their graduate program is
the largest in the country, with about 170 graduate students with an undergraduate
program that is the second largest in the country with about 100 students.

As part of enhancing and suppimg graduate students and postdoctoral students, CICS
engages in several activities, including support of postdoctoral fellows in innovative re-
search, mentoring of graduate students and early career staff, support through fellow-
ships, and advancing reseh efforts through delivering seminars and presentations.

CICS scientists offer early career mentoring of students and participate in advisory pan-
els. CICS has an extensive mentoring program for graduate students where they partici-
pate in reviews of studé 1 8 Q NBa S| NOKZI LINRPGDARS & dzLISNIJA a2 NE
aid in early career development areas. CICS supports postdoctoral fellows working in
Maryland and North Carolina, and through selected support, enable postdoctoral fel-
lows to travel and presdrat a variety of state and national conferences, e.g., the Amer-
ican Geophysical Union Annual Meeting, the American Meteorological Society Annual
Meeting, and the Climate Diagnostics and Prediction Workshop that is part of CPC activi-
ties. Over the past fev years, CIGNC has supported a total of 6 peddctoral students

to work in various research capacitiggpporting both CIGRC and NCEtaff, as part of

the broader workforce development. Research topics included the development of a
next generationintegrated global surface temperature analysis, global surface albedo
calculations, scientific programming and visualization of satellite data information, cli-
mate variability of tropical cyclones and water vapor, quantitative precipitation estima-
tion, temperature extremes analysis, amongst others.

CICS also engaged in interdisciplinary activities for education and outreach support. For
exampledal 0 KSYFGAOa 2F [/ ftAYIGS {OASyOS¢ Aa | yS§
ing graduatelevel researchers indw mathematics contributes to the study of the

9 NI KQa OfAYIFLGS® 2SS gAaftft GSHOK GKA&A O2dzNES
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mathematics course offered in an online environment. Students can be located in the
Asheville location, on main campus, or participate via distance education. This course is

being developed by Dr. Matthews gollaboration with NCSU Distance Education and

Learning Technology Application (DELTA) staff as supported by the award of a competi-

tive grant in August 2016.

The Statistical and Applied Mathematical Sciences Institute (SAMSI) is a partnership of

Duke Univesity, North Carolina State University, University of North Carolina at Chapel

Hill, and the National Institute of Statistical Sciences. It is part of the Mathematical Sci-

ences Institutes program of the Division of Mathematical Sciences and the National Sc

ence Foundation. Upcoming for the 2&awy | OF RSYA O &SI NJ A&a GKSANJ
SYFGAOFE FyR {GFrGAaGdAOrt aSGK2Ra F2NJ /fAYLQ
bring together new and experienced researchers from around the country and the

world to evaluate climate data, climate models, and the impacts of climate change on

the Earth and its human inhabitants. This course will be offered for credit, in conjunction

withthe 201ZH nmy LIN2INI YZ G { ! a{LQ&a LI NEKWSNI dzy A @S

Many CICS scientists support and advice PhD students in different programs at the Uni-
versities in Maryland and North Carolina. In Maryland, there are about 20 graduate stu-
dents involved in CICS research, while in North Carolina approximately 5 graduate stu-
dents are working on CICS themes.

The National Research Council's 2010 ranking of PhD programs places the AOSC de-
partment firmly in the top ten Earth Science programs nationwide and higher than any
other institution on the East Coast. Approximately 20%hef graduate students have

been employed by NOAA.

The Department of Atmospheric and Oceanic Science of the University of Maryland has
created a Graduate Fa3track program for accomplished scientists. Graduate students
with exceptional scientific achiemgents may, through written petition to the Graduate
Director, replace the written portion of the Comprehensive Exam with a seminar fol-
lowed by an oral examination. Approximately six NOAA scientists have already taken
advantage of this program. About twentyvil servants and contractors have returned

for their PhDs following the normal path.

CICS scientists often provide lectures, deliver seminars, and give presentations on their
research areas. Since 2009, CICS researchers have published more thareB00 pe
reviewed papers and given hundreds of presentations at a large number of confer-
ences/meetings/workshops on the topics of climate research and applications, satellite
and observation monitoring, and climate modeling. Staff members also serve on pro-
posalreview boards and have conducted many reviews of papers for journals. For a full
list of seminars and scientific visitors, please refer to the Appendix H; for a full list of
presentations and invited talks, please refer to Appendix I.
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CICS scientistgarticipate in the annual CoRP Symposium, and CICS helps to support
CUNY/CREST graduate students participation as well. CICS also facilitates summer visits
by CUNY/CREST students to NESDIS Cooperative Institutes, providing them with hands
on experience wh software and techniques relevant to their research projects. This
summer exchange program has led to increased visibility and employment opportunities
for students and early career scientists, and provides excellent candidatesdnrposi-

tions at NOAAnd the 3.

3.4  Outreachand Engagement

¢CKS LlzofA0Qa gl NBySaa yR dzyRSNRGFYRAY3a 27F
to grow, and decisiommakers are exploring innovative ways to advance research, obser-
vations and apply the information in aedisioncontext or to build resilience. This in

turn improves the collective understanding of how environmental information is used in
design, planning, engineering, operations, investments, etc. As the information ex-
change builds, improved analytics oreus, their applications, and their needs help in-
form areas like advancement in scientific research, assessments, and the need for new
and different data. The exchange between practitioners, solution providers, applied sci-
entists, and scientists requires gagement and collaboration across a wide range of
stakeholders, as well cataloging and analyzing that exchange. To that endNCigt
gages in targeted and interdisciplinary literacy, engagement, and outreach activities for
business and industry, academmther scientists, and the general public through vari-
ous modes. The efforts are intended to build and analyze the information exchange and
case studies and thus build vast network of experts in different disciplines that incorpo-
rate climate informationn their context. These activities are often in conjunction with
NCEI, CIG@$C partners and collaborators, and other university partners.

The various engagement and outreach activities require developing frameworks, deliv-
ering presentations, engaging ielationshipbuilding and capacitpuilding activities,
enabling catalytic support of innovation in uses of climate data, engaging in individual
and executivdevel roundtable discussions, and providing ongoing operational support
to NOAA NCEI to advancesthscience and services capabilities.

CIC®/ &adzlJll2NIa FyR FROAASA b/ 9LQa /fAYFGAO L
tegic and operational stakeholder engagement activities.-8CSalso supported the

Climatic Analysis and Synthesis Branch (CAS®Bk &¥ort and initiatives are primarily

in building capabilities within NCEI information services, engagement with business and

industry, and other interdisciplinary activities that advance NCEI and NOAA mission

goals with partners.

CICSNC led and advisein the design and development of a customer relationship
management solution (CRM), which would identify, track, and store customer infor-
mation gathered by engagement personnel at NCEI. It included an analysis and require-
ments phase and the design andplieyment of a Phase | Google form solution that
tracked and analyzed 15,000+ entries. Phase Il of the solution involved analyzing CRM
vendor solution providers, development of the decision process, and the procurement
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of the Salesforce CRM tool. CIES wa involved in the detailed implementation of the

Salesforce solution, ranging from technical integration needs to training needs for the

NCEI users. The Salesforce solution is expected to go live in April 2017 and will provide

NCEI a customer database, igigs into uses and applications of NCEI data, and re-
 dZANBYSyia FTNRY dzASNED® ¢KS LINB@ZA2dza &SI NDa S
sus Bureau of Economic Analysis sectors (NAICS codes) is being implemented in the
cataloguing and categorization thfe data.

Jenny Dissen represented CIS on the organization committee of the 2016 Carolinas

Climate Resilience Conference, held in Charlotte, NC. Along with NCEI Engagement col-

f SF3dzSax 5AaaSy LINBASYGSR 2y GKSLBBE¥YSYyAS&Sy(
YR Y2RSNI GSR GKS &aSaairzy GAGESR &! RILIIKGAZ2
engagement activity wat® share information about ongoing research, efforts and part-

nerships in the Carolinast{p://www.cisa.sc.edu/ccrc/schedule.html#wednesday)

CICSNC was engaged in the planning of the NCEI engagement side panel event at Amer-

ican Meteorological Society's 97th Annual Me&in Ay WI ydzZt NB wnamt OF f £ S
lfrailr YR 1 gFAAY ! 5AFf23dz2S 2y .dzAf RAy3 5.
panelists from the wildfire hazard and risk communities, scientists, and forecasters and

focused on the role of environmental dain wildfire management and climate change

impacts on wildfires in the OCONUS region. (More information:
https://annual.ametsoc.org/2017/index.cfm/programs/townallmeetings/sidepanet
discussiorwildfires-in-alaskaand-hawaita-dialogon-building-disasterresilience/)

CICSNC provides strategic input and review of engagentase studies, most recently

in the reinsurance, retail, and manufacturing industries, provided by NCEI subcontractor
Acclimatise. The case studies are intended to inform NCEI about how industries use

b/ 9LQa OfAYIFGS yR ¢S (KdddicandBaistd benefitd y | a &
generated by environmental information in those sectors. Case studies available upon

request.

CICSNC continued engagement with the Research Triangle Foundation (RTF) and held a
second webinar in September 2016 that facilitagdcutivelevel engagement on envi-
ronmental information with corporate leaders from companies located at RTP. Speakers
included Johanna Jobin, Global Sustainability Director of Biogen; Andrew Hoffman, Uni-
versity of Michigan; Scott Shuford, Planning andle€C&nforcement Services Director,

City of Fayetteville; and Amanda Rycerz from Acclimatise. Ken Kunkel and Jenny Dissen,
both from CICSIC, NC State University, and NOAA NCElI, also presented.

As part of the Executive Advisory Council (EAC) for the Wilijytics Institute (UAI),

CICSNC collaborated with Terri Thompson of LMI to continue discussions on how
downscaled climate information impacts energy generation. Dr. Thompson presented at

KS 'dAftAGe 'yl fteagraoa 02y TSNBEhEG Infagtrucka SNHA Y =
dzNB 51 0F F2NI /fAYFGS wAhal !'ylrfearaég FyR LINI
AS&d¢ RdzZNAyYy3a GKS Fref ! GAfAGe 'ylIfedAaoa ©SS]
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support a future energy forum discussion in collaboratgith CICSIC that examines
environmental information in the context of renewables.

CIC®h/ SR GKS O22NRAYFGA2Yy 2F (KS a22N)]akKzLl]
52gyalOltAy3a /tAYFGS tNRr2SOGA2yasd KSER |G GK
(ITM), March @9, 2017(Figure 3. As part of the IND@.S. Partnership for Climate Re-

silience announced by Prime Minister of India Modi and U.S. President Barack Obama,

the workshop successfully achieved its objectives in sharing expertise in climatd-mod

ing and downscaling between CINES, Texas Tech University, IITM, and users in various

sectors. The workshop included presentations and ham€xercises involving NASA

NEXGDDP, downscaling methods from the U.S. Asynchronous Regional Regression

Model ARRM), and applications of climate information in India state actions plans and

other sectors. Details of the workshop are available at the IITM website
(http://cccer.tropmet.res.infnome/workshop/indeus2017/index.jsp) and the NCICS

website fttps://ncics.org/cicsnews/u-s-india-climate-downscalingworkshop/)

Figure 7 Participants from thed2 2 N] aK2LJ 2y 5S@St2LISyd |y
52¢gyal0olftAy3a /tAYFGS tNr2aSOGA2yaéd G LL¢ca Ay

CICSVID researcher Alison Stevens accomplished several tasks to support communica-
tion and outreach efforts of CP@he developed several internadramunication prod-

ucts including Hot Items and Three Things Memos to inform OAR, NOAA, and DOC lead-
ership of research and program accomplishments and upcoming events. To reach the
external community, including funded scientists and the cliriaterested public, she
produced news articles for the CPO website and liaised with the CPO CEE Division and
OAR communications to share higher impact items on climate.gov and the NOAA Re-
search website. She also developed concise info sheets, including one about tlye new
funded NOAA S2S Prediction Task Force, as a handout for conferences, workshops, and
as a source of information on the CPO website. Furthermore, she helped edit, format,
and print reports developed and organized by CPO andfGi{ed scientists to share

and distribute at conferences, workshops, meetings, and on the CPO website. To reach
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broader and less technical audiences, Ms. Stevens worked with the CEE Division to pro-
duce Featured Image Stories for climate.gov highlighting-fOR@ed research. These
stories include a key image representative of the research findings. Ms. Stevens applied
her data visualization skills to help develop easily digestible and visually pleasing maps
to accompany the Featured Image Stories.

To better engage CPOnded scientits, Ms. Stevens initiated a targeted outreach plan

in FY16. With the help of the Program Managers, she identified key scientists to reach
out to. She scheduled interviews with the identified scientists to cultivate a personal re-
lationship with each of themlearn more about their research, and inform them of the
types of communication support she can provide. Using the information she gathered
during the interviews, she began developing Meet Our Scientist profiles highlighting the
CPCGfunded scientists, thie backgrounds, and their currently funded research. These
profiles have been published on the NOAA Research website, increasing the visibility of
CPO and itauhded scientistsKigure §.
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Otkin, Jason

Figure 8 Screenshot of Meet Our Scientist profile highlighfiagpn Otkimn the NOAA Research
website.

Training Operational Forecasters

Several CICS Scientists work closely apigrational meteorologists to implement their
science and products, in what is usually called Satellite Proving Ground Activities. For
SEIFIYLX SE /L/{ wSaSINDK ! 83a20A+GS arOKI §f
OPC/HPC/SAB Proving Grounds (P&#ing to coordinate their PG activities. Satellite
PGs connect NOAA with its partners to bridge the gap between research and operations,
provide unigue sources of information, and support arger education and training.

The PG approacfiFigure9) ensures communication between product developers and
operational forecasters, allowing end users to contribute expertise to the final products
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(i.e., how it is displayed and integrated into operations). User feedback during algo-
rithm development affords avealth of information that helps focus research activities
on enduser applications. This feedback mechanism also supports the development of
effective education and training tools early in the product development process.

CICS currently develops séitel products and provides indirect support for Satellite PG
efforts, but has no direct method for implementing new or existing experimental prod-
ucts. An ongoing project seeks to develop an operational framework which allows CICS
to maximize its SatellitBG contributions by creating a variety of gateways to the public.
The four major components are to install and implement McIDAS and ANYIRSId a

Local Data Manager (LDM), improve the @EISSTAR Precipitation Calibration and Val-
idation center, andexpand education, training, and outreach activities. This research
will allow CICS to become a stronger, more diverse, and more direct PG provider, which
will enhance collaboration, improve operational products, and simplify the feedback
mechanism.

CIG provides satellite education and training materials throughlearning modules,
seminars, weather event simulations, and special case studies. NOAA, collaboratively
through the NESDIS and the NWS, partners with the COMET, VISIT, antbSrReBF

op anddeliver training on the new features, operations, and capabilities of future satel-
lite missions. The academic community is another important user of satellite data, for
informational, educational, and research purposes. Some specific academic inssitutio
collaborate with NOAA/NESDIS to develop and implement PG demonstration products.
The planned implementation of McIDAS and AWIRS CICS also will provide a valuable
education and training opportunity for UMD graduate and undergraduate students.
Sud activities will help develop students with remote sensing experience who then can
enter the work force to staff future NESDIS activities as support contractors and civil
servants.

Figure 9 Michael Folmeengaged irForecaster Trainingn
GDh-B{SNAS&E t NPANIY ! LIRIFIGS FTYyR ! &SNJ
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Engagement and Outreach to the General Public

CICS reaches out to the general public and relevant communities in a variety of ways.
The University of Maryland sponsors an annual event called MarylandAay€10;
http://www.marylandday.umd.edu) that enables CIG8D to reach a large audience,

on the order of 70,000 visitors, in a campuile open house. For the last several years,
CICS has contributed significartilythe ESSIC exhibit at Maryland Day, permitting CICS
to "show off" many of its talented researchers and promote the NOAA mission to the
general public.
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FigurelO: Images of Maryland Day (April 20/L6

CICOVID has been using a visualization technique t { SR a¢¢KS al 3A0 tf | ySi
to the public. The Magic Planet displays datasets of weather and climate moving across

its surface. The images displayed are used to educate visitors of all ages, earth systems

and how they relate to the environmenCICS makes presentations at Maryland Day,

the Maryland Science Center in Baltimore, and the National Zoo. Furthermore, a sup-
plemental target was to promote the use &farthnow,a webbased blog operated by

the same research institutes, among docents (stfid volunteers) that carry out
presentations at SOS sites in museums and science centers across the country (and

around the globe).

Dr. Jessica Matthews from CISES I & |y AYDBAGSR aLISF1SNI Fd {!
Women in Math Sciences in April 20E8gue 11. (https://www.samsi.info/programs
and-activities/educatiorand-outreach/2016springopportunitiesworkshopfor-
womenin-math-sciencesapril-6-8-2016/). The goals of this workshop, geared towards

graduate students and postdoctoral scholars, wekgeto familiarize women and/or un-
der-represented minorities in the mathematical sciences witbfpssional opportunities

in academia, industry, and government, and 2) to focus on challenges currently faced by

women or minorities in mathematical sciencéxllowing the workshop, she was asked

by organizers to write a blog post summarizing heflections on the event
(https://samsiatrtp.wordpress.com/2016/06/14/whatloesit-meanto-be-a-womarnin-

mathematics/)
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Figure L:{ ! a { L Q &op for2Wdineén in Math Sciences, Ap#8,82016.

Throughout the year, Dr. Matthews continued engagement with university students and
faculty via a variety of mechanisms including giving several invited talks regionally. She
also served as a mentor for tli#16 Industrial Math/Stat Modeling Workshop for grad-

uate students which is an intensive 1@ay interdisciplinary group work experience
(https://www.samsi.info/programsand-activities/educatiorand-outreach/2016
industriakmathstatmodelingworkshopfor-graduatestudentsjuly-17-27-2016/). The
LINE2SO0 ¢l a R2yS Ay O2ft f I o 2FPNdndsuaye agdksat-K G K
ellite-derived PM observations to determine the impact of international transport on
coastal PM2.5 concentrations in the western E(Hgure 2).

By the land surface ”
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Figure 2: Dr. Matthews presenting on her research applications at the US EPA in July 2016.
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Communication andnformational Updates on CICS

In 2015 CICSNC significantly invested in improving its communications efforts for deliv-
ering institute science and program information and technical services for varied audi-
ences and a wide range of stakeholders across pulivate and academic enterprises.

CICSNC brought on a communications specialiBdbm Maycock)vho elevated the pres-

ence of CIGHC across its stakeholders to share information related to the progress of
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the communications activities included following significant updates that have helped

the general public improve their understanding of not only the research institute but

also progress in climate research:

1 Arefned, updated CICSC website with content that is updated frequently of
both science and engagement activities

1 Development of a science fact sheets that translated the scientific content into
userfriendly materials for the general public and the GNES$akeholders

1 Improved interinstitutional communications with NC State University across the
College of Sciences, Marine, Earth and Atmospheric Sciences Department and
Office or Research, Innovation and Economic Development, as well as with the
University & Maryland ESSIC and GNIIS
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updated Facebook) as well as issue relevant press releases with media contacts
as appropriate.

In addition, CIGSC developed a new brochure as wadlan overview, science and en-
gagement poster that is broadly used and shared across conferences, meetings and
workshops.

CICSMD and CIGHC each distribute semiannual publications entiti€dcularand
Trends,respectively FFigure 13), that report on CICSMD / CICSC vision and mission,
research themes and provide brief descriptions of selected research projects at the in-
stitute. These publications are shared with the respectisiness communities, con-
sortium partners, other organizations as parttbk engagement effort, andniversity
partners across the various offices to keep the department heads and faculty updated
on research progress. They are also shared with participants ato@i@3zed work-
shops or science meetings.
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Figurel3: RecentCICSMD and GCSNC Newsléer issues

CICS web sites continue to be developed to enhance CICS outreach to all interested sec-
tors. CICS has a dedicated web page that serves as a focused presentation-of CICS
specific research projects and results. iAdependent website, climateandsatellites.org,
intended to provide a comprehensive description of the CICS Consortium, has been es-
tablished and is in the process of being enhanced. This site provides the background,
mission, and vision statements for Cl@Swell as links to Consortium participants.

Both CIC®ID and CIGSC majntain de@icatgd sites for their own a,ctiAvities that also in- _
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CICS websitérttp://climateandsatellites.org
CIC9MD websitewww.essic.umd.edu/cieend/
CICSONC websitewww.cicsnc.org

In addition, CICS contributes ngwems to the ESSIC and AOSC web pages and blogs,

where significant research accomplishments are described.

Anew blog createdbyClass |y R {/ {. &OASYy Unamue®@erdpeciif SR aL
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effort aims to introduce the public to the unique methods and datasets that CICS/ESSIC
scientists use to examine extreme weather events (thunderstorms, fires, floods, bliz-

zards, etc.). The blog also serves as a seed for NESESa@IESSIC scientists to begin

exploring new multsensor, multiplatform applications.
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