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Proving Ground and
Risk Reduction Program
Background
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 Proving Ground
« Demonstration and utilization of data products by the end-user operational unit,
such as a NWS Weather Forecast Office or Modeling Center.

* Promote outreach and coordination of new products with the end users,
incorporating their feedback for product improvements

* Risk Reduction
Development of new research and applications to maximize the benefits of JPSS
satellite data

« Example - use of Day Night Band for improved fog and low visibility products at night,
benefiting transportation industry.

« Encourages fusion of data/information from multiple satellite, models and in-situ
data
* Primary work is done at the algorithm and application developer’s institution.

« Address potential risk in algorithms and data products by testing alternative
algorithms.

K7 asa Joint Polar Satellite System Bill Sjoberg — Global Science & Technology Contractor
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The PGRR Program was established in early 2012, following the launch of the
Suomi National Polar Partnership (SNPP) satellite on 28 Oct 2011

Call-for-Proposals (CFPs)
« The initial CFP in Jan 2012 resulted in 100 teams providing Letters-of-Intent (LOISs) with
nearly 40 projects selected for funding
* A ssecond PGRR Program CFP went out in Dec 2014. PGRR Initiatives were used as a focus
for the responses to this CFP. Over 130 LOIs were received.
» Athird PGRR CFP is in draft and will be sent out soon.

These proposals went through a rigorous user-led selection — between 40-50
projects selected for funding each time

Project managers work with the users to determine how best to use new JPSS
data, and to quickly transition these capabilities to operations.
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PGRR Proving Ground Initiatives

Responding to User Feedback

 The River Ice and Flooding Initiative was the first attempt at this new
partnership and it was established in response to Galena AK flooding in
May 2013.

 The Initiative included River Ice and River Flooding Project teams, direct
broadcast SMEs, and National Weather Service River Forecast Center
forecasters.

 The success of River Ice and Flooding Initiative led to creation of other
initiatives that guided the 2014 PGRR CFP.

* Initiatives have proven to be critical forums where JPSS personnel,
product developers, and users interact. The effort is to evaluate current
and future JPSS Capabilities in operational environments to determine
which of these capabilities should be transitioned to operations.

&) nasa Joint Polar Satellite System Bill Sjoberg — Global Science & Technology Contractor




TMOSp,

WO A HE,
Ky’ Yo

S

&

1o

S
9
g
=z
<]
Z
Z

NOILvy

PGRR Initiatives List

Blue — Most Recent from 2017 PGRR CFP

Hurricanes

Aviation and Tropical
Storms
Training \olcanos
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Initiative Start Date
River Ice and Flooding November 2013
Fire and Smoke May 2014
Sounding Applications NOAA Unique CrlS/ATMS Processing System July 2014
(NUCAPS)
Hydrology July 2015
Ocean and Coastal March 2016
Severe Weather/NWP/Data Assimilation March 2016
Arctic Initiative June 2016
Hurricanes and Tropical Storms Initiative June 2018
Aviation Initiative June 2018
Training Initiative June 2018
\olcano Initiative June 2018

K7 asa Joint Polar Satellite System Bill Sjoberg — Global Science & Technology Contractor 7
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PGRR Proving Ground Initiatives
Best Practices

Clear
Objectives

Transition to Frequent
Operations Interaction

Key Working
Milestones Groups
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River Ice and Flooding
Initiative
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River Ice and Flooding Initiative

Background

» The first PGRR Initiative joining River Ice and River Flooding into one effort and
applied with great success during the 2013 Galena Flood in AK.

» Success resulted in the creation of new initiatives and more NWS River Forecast
Center (RFC) involvement. Six RFCs are now regular participants.

» Worked with RFCs to provide their customers with VIIRS products to be included in
their decision making systems. USA Corp of Engineer for flooding along the Illinois
River as an example.

» Based on feedback from RFCs both the VIIRS River Ice and River Flood products
were changed to improve their operational value.

» River Flood products have been used worldwide in response to flooding events.

 Established collaboration with the National Water Center.

» River Ice and Flooding Products key part of capabilities discussed during a NWS
visit to Russia.

« Discussed with Coast Guard liaison about the use of the River Ice Product on
decisions on ice breaker deployment.

« Established procedures to provide River Flood Product to FEMA to help their
response to flooding events. Products critical to Hurricanes Harvey and Irma

/) wasa Joint Polar Satellite System Bill Sjoberg — Global Science & Technology Contractor




River Ice and Flooding Initiative
The First Initiative
and Most Mature

PGRR Project
River Flood
Product

PGRR Project
River Ice
Product

Bill Sjoberg — Global Science & Technology Contractor

12



Success In Alaska
Brings More Interest
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Keep Asking the Right Questions

River Flood Mapping
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S I— Can the product respond to rapidly changing situations? ‘
ikl =2 il Nevada county declares emergency after ecarthen dam

fails

THURSDAY, FEB. 9, 2017, 6:24 P.M

Abnormal water was found
after Twenty One Mile Dam
was damaged around 8 Feb.
2017.

Part of highway 233 and the
Union Pacific Railroad line
near Montello were
inundated.

\'\

If the product works in AK will it work elsewhere?

On Wednesday, Feb. 8, 2017, 21 Mile Dam near Montello, Nev., broke and caused fiooding to the Union Pacific railroad line near Lucin and flooded the
town of Montello, Nev. The floods forced delays or rerouting for more than a dozen freight and passenger trains on a main rail line that runs through the
area, sald Union Pacific spokesman Justin E. Jacobs (Stuart Johnson / AP)

http://www.spokesman.com/stories/2017/feb/09/nevada-county-declares-emergency-after-earthen-dam/

Frequent observations from GOES-16/ABI provide more Does the product have other operational applications
clear-sky coverage for flood detection.
T : L : %s e o NOAA-20/VIIRS on April 21, 2018 B Suomi-NPP/VIIRS on April 21, =

at18:26 (UTC) - 1 2018 at 19:17 (UTC)

“NOAA-20/VIIRS on April 21, 2018
1at20:09(UTC)
2 B I With NOAA-20/VIIRS and
3 il Suomi-NPP/VIIRS flood maps, the
= water flow due to snow-melting in
the north central region can be
T R observed dynamically.

GOES-16/ABI multiple VIIRS near real-time detection
composition on May 10, 2017 on May 10, 2017 at 19:30 UTC

Can the GOES-R ABI create a product similar to VIIRS

nasa Joint Polar Satellite System




A Most Important Question

Would the VIIRS Flood Mapping Product be of Value to
the International Community Assisting Them in
Responding to their Flood Events?

Through the Use of the International Charter

&) wasx Joint Polar Satellite System
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Initiative Responds to

International Charter

WHAT IS THE INTERNATIONAL CHARTER?

The Charter is a worldwide collaboration among space agencies to make

satellite data available for the benefit of disaster management authorities
during the response phase of an emergency.

The Charter is unique in being able to mobilize agencies around the world
and benefit from their know-how and satellites through a single access
point that operates 24 hours a day, 7 days a week at no cost to the user.

Successfully operating since November 2000, the Charter has brought
space assets into action for many natural and technological disasters
including floods, hurricanes, tsunamis, earthquakes, landslides, forest fires,
volcanic eruptions, ice jams, and oil spills. Since its inception, the Charter
has been activated in response to over 400 major disasters in more
than110 countries, including the 2004 Asian tsunami, the 2008 cyclone

Nargis in Myanmar, the 2010 earthquake in Haiti, the 2010 flooding In
Pakistan, the 2011 earthquake and tsunami in Japan, the 2012 cyclone

Bopha and the 2013 super Typhoon Haiyan in the Philippines.
vasa Joint Polar Satellite System




&

1o

Fl
>
=~
o
2

Charter

EMERGENCY ON-CALL OFFICER (ECO)
Processes information received from the On-Duty Operator.
Identifies timeliest and most appropriate satellite resources.
Prepares draft plan. Contacts Project Manager

and appropriate Charter members EMERGENCY

ON-CALL
OFFICER
3

ON-DUTY OPERATOR (0DO)
Verifies identity of the AU and ON-DUTY

sends checked URF to an OPERATOR
Emergency On-Call Officer

Activation of International

CHARTER MEMBERS

Charter members* task their resources
according to the plan

*ESA, CNES, CSA, USGS, NOAA, DMCii/UKSA,

JAXA, CNSA, CONAE, ISRO, INPE, DLR, KARI,
EUMETSAT, ROSCOSMOS

CHARTER
MEMBERS

PROJECT MANAGER (PM)

PROJECT
MANAGER

AUTHORIZED USERS (AU)
Calls the On-Duty Operator
and submits the User AUTHORIZED

Request Form (URF). USER
The AU can also submit

requests on behalf of
an End User

END USER (EU)

Final products are delivered
to the End User

nasa Joint Polar Satellite

Contacts the Emergency on-Call Officer

if required. Obtains further information
3 on requirements. Liaises with the AU with

regard to data acquisition planning, solicits

the AU feedback concerning the utility

of the Charter for the call

VALUE-
ADDING

SPECIALIST

VALUE-ADDING (VA) SPECIALIST
Further processes and interprets data,
and delivers to AU/End User via the
Project Manager




\""/ Floods are a Worldwide
Concern

NATIONAL 0
s £

Activations by type [2000-2013]

Earthquake
Landslide

Volcano

Storr:m’
hurricane**

Ice/snow
hazard

Flood/ocean
wave*

Fire

© @ ® © ® 0 ® ® ®

Others
Disasters type
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N
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More detailed information is available on www.disasterscharter.org/web/charter/activate
For further inquiries please contact ExecutiveSecretariat@disasterscharter.org

KA sasa Joint Polar Satellite System
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SNPP/VIIRS Automatic Flood Detection Map in Asia 23 July - 29 Aug. 2016
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Worldwide Capability

SNPP/VIIRS Automatic Flood Detection Map in Peru 23 Mar. 2017 18:48 (UTC)
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Keep Asking the Right Questions

River Ice Product
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We Are Seeing Some Odd Things in the Product. Can That be Fixed?

Land Pixels

2 Water

Can We Get Finer Detail on the Amount of Ice on the River?

01/02/2016 |

Ice product
Ice free @

B Mixed ice/water
Wice covered
cloudy

Avasa Joint Polar Satellite System
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Persistent
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Keep Asking the Right Questions

River Ice Product

Can a Product be Created for Rivers Narrower than a VIIRS Pixel?
05/13/2018, Talkeetna and Susitna Rivers

Ice concentrations
SE=a ’i} v

l‘

H. il ¢
b il i
B : § !
B Y . wat A
-
pad

oo
Current product (covering
wide sections)

[y

merged product (covering wide and narrow rivers):
Talkeetna and Sheep Rivers are included

The River Ice Product has Been Inconsistent from Pass-to-Pass, Can that be Fixed?
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Satellite vs FAA Camera

2017-05-11 22:16U7C
63.00N 160.09W

FAA J —

- Melting ice may be
camﬁfji:ov e ¢ quite dark causing
4 | i
Lo

underestimate of the
¥ ice concentration
Thu 11 May 2017 23:16:27 UTC i Grayling - NorthEast
‘ V Thu 11 May 2017 15:16:27 AKDT See http:/iavcams.faa.gov for more information
r
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Satellite vs

2017-05-14 22:58UTC
62.88N 160.06W

Fri 12 May 2017 19:52:30 UTC
Fri 12 May 2017 11:52:30 AKDT

¥,

Ice %

20-30 30-40

Grayling - NorthEast
See http:/iavcams.faa.gov for more information
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* Flood Mapping Product is in SPSRB Process to
become operational.

 RealEarth and GeoCollaborate working to make
River Ice and Flood Products more accessible to
decisionmakers.

 Close coordination with FEMA and US Army Corp of
Engineers provide products when needed for severe
weather events.

* Initiative is working to determine long-term viability
of River Ice Product.

@) vasa Joint Polar Satellite System Bill Sjoberg — Global Science & Technology Contractor 24



For More Information on the
JPSS Program
‘ (WWW.JPSS.NOAA.GOV)

JOINT POLAR SATELLITE SYSTEM
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TWO SATELLITES, ONE
ORBIT, MANY BENEFITS

Bill Sjoberg - Global Science & Technology Contractor 25
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Development of VIIRS Flood

Detection Software

River Ice and Flooding Initiative

Aug. 01, 2017 to July 31, 2018
(FY-17 Annual review)

Sanmei Li Donglian Sun
George Mason University
Tel: 571-481-6795 703-993-4736

slia@gmu.edu dsun@gmu.edu

JPSS PGRR Program Review
Aug. 27- 31, 2018


mailto:slia@gmu.edu
mailto:dsun@gmu.edu

Outline

« Project Overview and Objectives
» Scientific Basis/Approach
Key Results/Accomplishments

Future plan

Summary




Project Overview and Objectives

» Goal(s): Deliver global VIIRS flood product and
integrate NOAA-20/VIIRS in the software

« Satellite sensors used: SNPP/VIIRS Imager and NOAA-
20/VIIRS Imager

» Targeted NOAA (and non-NOAA) users:
- NOAA/NWS-River Forecast Centers
- NOAA/NWS-National Water Center
- Federal Emergency Management Agency (FEMA)
- US Army Corps of Engineers (USACE)
International Charter

Period of Performance: Aug. 01, 2017 - July 31, 2018
Budget: $100K (FY-17)
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SC|ent|f|c Basis/Approach

Scatterplot of Reflectance of Different Land Types
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= Water detection is based on the spectral features of water surface over

different underlying conditions.

= (Cloud shadows and terrain shadows are differentiated by using geometry-
based and object-based methods instead of spectral characteristics.

= Water fraction retrieval is based on the linear combination model by
:[x.lsidering the mixing structure of sub-pixel land portion.




Water level calculation

max _h N ]
« Pixel water level: A= Jumn n Ji wi(hfi(h) didh

Where, A is satellite-based total water area between the minimal

surface elevation, min_h , and maximal inundated surface elevation,

max_h, w;(h) is the weight of land type i at height A in a VIIRS 375-m

pixel, and f;(h) is the total area of land type i at height h.

= Polygon water level: Water polygon is defined as a group of
adjacent water pixels with similar water levels. Pixels within a
water polygon have the same water level.

= Polygon water levels decrease from upstream to
downstream. The relationship between water levels
and the distance to the starting point of a river (x),
can be simulated by least square error methods:
@ f(x) =ag+a;(x — %) + a;(x — ) + - ap(x — )"
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- VIIRS global flood maps
are now available:

- With the delivered VIIRS
flood software, CSPP
group helps run the
software globally and
distributes global VIIRS
flood maps via Real
Earth



https://re.ssec.wisc.edu/s/xHfKq

Key Results/Accomplishments

= |ssues with the current version 1.0 algorithms:
- About 10% Cloud shadows remain unremoved.

- RFCs complain about the detection of supra-snow/ice water or
mixed ice&water may not be detected accurately.

- Water detection and fraction retrieval under complex
conditions such as sun-glint-contaminated water surface.

- [ICMO does not work well in complex situations.

= Algorithm improvement on the version 1.0 algorithms:
- Improve the cloud shadow removal algorithm

- Improve the detection of the supra-snow/ice or mixed ice &
water

- Improve the classification algorithms on detecting cloud, snow
cover and water surface

, &




before

= Qverall, the new cloud
shadow fixes three
issues existing in the
current version 1.0
algorithms:

- Shadows along the
edges.

- Shadows cast over snow
surface.

- Shadows cast by thin
clouds.
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Oct. 13, 2017 22:04 (UTC)

- Cloud shadows cast over
snow surface that were not
removed have been
removed with the new

. algorithm.
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Cloud shadows cast by thin
clouds that were not
removed have been removed
with the new algorithm.
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Tetlin flood in Alaska, July 2017

- The new algorithm shows more consistent water detection results
by improving the classification algorithm among cloud cover,
snow cover and water surface.
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Key Results/Accomplishments

= NOAA-20/VIIRS data has been integrated
into the flood software
- De-striping on the Imager band 3

- Adjustments to the algorithms and software

have been made to process NOAA-20/VIIRS
data

- Software test has been done globally to
check the quality of NOAA-20/VIIRS flood
maps.

u




NOAA-20/VIIRS
image on April 21,
2018 at 21:45 (UTC)
with de-striping
process on the SDR
data

Before de-striping After de-striping

- De-striping on the
NOAA-20/VIIRS
SDR data.
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The de-striping
process on
NOAA-20/VIIRS
Imager band 3
produces flood
maps with
better quality.




- Global test on NOAA-ZO/VIIRS fldod maps shows reasonable results.

<

14



Regina
)
Grand Forks
°
i Fargo
Rapid City
°
Sioux Fal
o
Sioux (
o
NEBRASKA
Lincolr
art Collins o
)
Denver .
° United States
RADO
o
Colorado > A
Springs KANSAS
. iPuedlo
Y Wichita
o

15

2018-08-22 17:35UTC
! 3822N 109,24W

Rochester
o

lis

City
A Cedar Rapids
1OWA
Des Moines Ty
=]
Omaha
)
1
Peoria
o
ILLINOIS
Springfietd
o
Kansas City
3 o Columbia
A o -
Lawrence St. Loouss

Evansville
o

River Flood: North Central Basin
[ B | m d
MS LD ST SN ICCL CSHA O 20 30 40 50 60 70

Key Results/Accomplishments

New release in

July 2018:

- We released a new
version of VIIRS
flood mapping
software with the
Improvements on
the algorithms as
well as new data
source from
NOAA-20/VIIRS.

- In mid-latitudes,
at least three
observations are
available for flood
mapping from
SNPP & NOAA-
20/VIIRS.




- With the new version which
processes NOAA-20/VIIRS and
Suomi-NPP/VIIRS imagery, VIIRS
flood observations have been
doubled than before. And thus,
the doubled observations allows
more dynamic detection on the
water flow due to snow-melting
in the north central region.




Key Results/Accomplishments

= Apply NHD Plus V2.0
data in the downscaling
process. Several
datasets have been
generated in the CONUS
based on the original
NHD Plus V2.0 dataset :

- 375-m filtered river
line dataset with river
link attributes
(upstream and
downstream)

- 375-mriver/lake
normal water level
dataset

- 375-m river line
distance dataset
(distance to the

Orial 375-m river lines filtered 375-m river lines starting point of a

- river)




S Each color represents one
g;,r(é. ol ‘ water polygon. S .

= Floodwater pixels are clustering into different water polygons
according to four factors:

- the adjacency among pixels

hydrologic Unit Code level-8 (HUCS)

distance to the most upstream point of a river
- flow direction.

= (Calculate water levels by using moving average and least square
. \&@rror methods.




adjusted polygon  similated

Water level simulation T e d | saee

1 81 80.55619

2 81 80.49986

3 81 80.44359

Scatter plot between distance and water - = 50.38738

level 8 80 80.16306

10 80 80.05119

5 11 80 79.99532

12 80 79.93951

13 80 79.88373

80— 15 79 79.77229

e, 17 79 79.66101

18 79 79.60542

75 19 79 79.54987
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w -

g 02 "'"-" 32 79 78.83001
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36 79 78.60908

60 40 79 78.38825

43 79 78.22263

47 79 78.00172

- 51 79 77.78066

55 79 77.55933

59 79 77.33762

50 64 79 77.05985

0 50 100 150 200 250 300 97 78 76.89275

! 69 77 76.78115

Distance 70 77 76.72528

71 77 76.66937

19 Qriginal water level msimilated water level 73 76 2655741
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Gauge

Mississippi River @ New
Madrid, MO

Mississippi River @ New
Madrid, MO

Mississippi River @ New
Madrid, MO

Mississippi River @ New
Madrid, MO

Mississippi River @ New
Madrid, MO

Mississippi River @ New
Madrid, MO

Gauge

Ohio River @
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Cairo,IL
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Scatter plot of the absolute difference between gauge obsered water level and VIIRS
retrieved water level
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Average absolute difference between gauge observed water levels and VIIRS
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Key Results/Accomplishments

= GOES-16/ABI flood mapping algorithm
and software development

- GOES-16/ABI imagery have been integrated
in the flood mapping software: projection,
data correction, detection, visualization
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| [Snow [l Shadow [l No data e B ;
Cloud [lll Normal open water ABI ﬂood map On Jan 01 o

Ice -Supra-snow/ir.s water o

L 2018 at 1648 UTC without %
data correctlon P e

Al
Fc

ABI false- color |mage on
Jan. 01, 2018 at 16:48 UTC

) A.B | imager.y shows R ol o o vt ABI rood map on Jran 01
different diurnal change SESRT 2018 at 16:48 UTC wn;

patters on the surface correction L P %
reflectance over different

land cover types.

= An correction method on
the data has been
developed to stabilize the
flood detection
pet:formance

)
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Key Results/Accomplishments

TN

<G+ = Develop connections

Suomi-NPP/VIIRS Flood Detection Map in Somalia

Maximal Flood Extent Composition from May 01 to May 08, 2018
z n L 4 4 4
zg_ ......... e f,“.smz«g;a;.,....;, ....................................... A e + Map Information = b
| - | o 01530 0 with WMOQ's
. : | - : i o — A
' é 4 \ ' Projection: UTM, Zone 38 N [
E | | | G e S International Charter to
E Unit: Mile
2 Legend
VIIRS flood m
rivers/lakes u S e O O a p S

:] country border

for flood activations’

4’0;0 "N

A ) Snow [l Shadow [l No data
A Cloud [ll Normal open water
2 | 1 = ice M Supra-snowlice water re S O n S e
jg ............................................... iDhexe ---- 2 Land Floodwater fraction (%) |
g i CE o
. uurheksbe iy 120 40 60 80 100
Bay 3 s
Data Source
SatelteImagery - O00d Mmaps are
= Kenya Satellite/sensor: SNPP/VIIRS
‘e ........................... - b GIS data
o <. enerated to respon
N b i and cities: GDAM
Jubbada Dhexe Description H e
)
5 ‘;ﬂu'tll& This flood map is composited t h e fI O O d act I Vat I O n S
R fonmosscosmemoeccd s x by Suomi-NPP/VIIRS data
L2 (3 from May 01 to 08, 2018,

which reflects the maximal B A
flood extent during this I S t r I u te t e
period in Somalia

Water fraction means open
water percentage in a VIIRS

coordinators of
Disaster Charter in
NOAA and USGS.

- Since Aug. 2016, we
have responded more
than 15 flood
activations from
International Charter.




SOMALIA

ETHIOPIA

Satellite detected water over

Dinsoor, Baardheere, Bu'aale &
Saakow district, Gedo, Middle Juba |«
&Bay Region, Somalia

telite-detected flood

wate
(Gedo Region),

image. a total of 61,000 ha
Inundeted In the area of interest. By using

A Floodedares ANSlVEEd | Potentislly i

Region/District Sufface | Affected
= ey o 9 k2 | population | AnedZone | Al
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UNITAR - UNOSAT - Paiais des Nations CH-1211 Ganeva 10, Switzarland - T +4122 767 4020 (UNOSAT Oparations) - Hotline 2417 +41 75 411 4998 - unosal@uni

UNOSAT flood map on May 09, 2018

- Compare VIIRS results (no
significant flooding) with
Radarsat flood results (major

25f|§go§|ng) on Somalia flood.
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UNOSAT flood map
on May 09, 2018

VIIRS can still help even
though the flood mapping
has been dominated by
radar satellite imagery.
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Key Results/Accomplishments

= Develop connections with FEMA and deliver flood
products routinely to them for emergency response and
disaster mitigation.

FEMA @ Collection Syn chronization - Current O Derati onal Period (023 EP) FM 1003 Bridge / Brazos River
PIR # Description

1 What are the locations of personnel in distress?

2 How many residences have been impacted and to what degree have they

been impacted?

3 How has critical infrastructure been impacted (including list of critical sites, oil
rigs, power, transportation, chemical spills)?

4 What are the flood extents of reservoirs and rivers in the AOI?
5 What is the impact of the Arkema chemical facility explosion?
Satellite Platforms PED Collection Information PIR
Copernicus 1 SAR Product Available 2
RADARSAT-2 NASA/JPL No Action 2
PALSAR NASA/JPL No Action 2
TERRASAR-X NASA/JPL No Action 2
WORLDVIEW-1 UNKNOWN No Action 2 {
B cap/disasters.geoplatform.gov it
WORLDVIEW-2 UNKNOWN No Action 2 M POC for updates/corrections: S ——
'WORLDVIEW-3 UNKNOWN Over 100 MSI/PAN Collects 2 ,' ; """5‘“‘ “NO’AA/STORMS VO Boaginbel
ST R e
WORLDVIEW-4 UNKNOWN No Action 2 ' B
SENTINEL-1 NASA/JPL No Action 2 Airborne Platforms PED Collection Information PIR
SENTINEL-2 NASA/JPL No Action 2 Civil Air Patrol FEMA/States Operational (Cumulative Imagery Displayed Above) 4

NASA/JPL 32 MSI/PAN Collects 2 NOAA (N68RF King Air) FEMA/States Operational 2

LANDSAT-7 UNKNOWN No Action 2 NOAA (N48RF Twin Otter) FEMA/States No Action 2

LANDSAT-8 UNKNOWN No Action 2 NASA/IPL Operational 2

GEOEYE-1 UNKNOWN No Action 2 National Guard (3X RC-26) TX NG Operational (focused on SAR) 1

UKDMC-2 UNKNOWN No Action 2 EPA (ASPECT) EPA Operational 5
GOES-16 & JPSS NOAA & GMU Flood Detection 2 Unknown Operational 1 &

27




Future plan

Release of GOES-16/ABI flood detection software
Development of Himawari-8/AHI flood detection software

Development of the blended algorithm to merge VIIRS, ABI
and AHI flood products together to produce a blended 375-
m flood product

Development of the downscaling model with the NHD Plus
V2.0 datasets

Development of a website for VIIRS/ABI/AHI flood products
distribution

SPSRB process to make the VIIRS flood product operational
in NESDIS if possible
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Summary

A new update of VIIRS flood Version 1.0 software has been
released, in which algorithm improvements have been made and
NOAA-20/VIIRS data has been integrated.

VIIRS global flood maps are now available and distributed by
CSPP group through SSEC’s Real Earth.

NHD Plus V2.0 dataset has been implemented in the downscaling
model and helps improve the accuracy of water level retrieval.

VIIRS flood product have been applied for emergency responses
under the developed interactions with WMQO’s International
Charter and FEMA.

GOES-16/ABI flood software is under development and will be
available soon. A geostationary-JPSS flood product will be
developed with the availability of VIIRS, ABI and AHI flood
products.







VIIRS Surface Type Products

Presented by Xiwu Zhan, NESDIS/STAR

Chengguan Huang and Rui Zhang, UMD Geography
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Major Task

Xiwu Zhan NESDIS-STAR Government Lead

Chengquan Huang UMD Geography Technical Lead

Rui Zhang UMD Geography Algorithms and Production Lead
Marina Tsidulko STAR-AIT Land Data Processing

lvan Csiszar NESDIS-STAR VIIRS Land Team Lead

Lihang Zhou NESDIS-STAR STAR-JPSS Program Manager
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QOutline

Why Surface Type?
VIIRS Annual Surface Type 2017 Product

— Compositing Algorithm Improvement
— VIIRS AST2017 to be delivered

Surface Type Change Product

— Needs for Daily Surface Type Data
— Change detection algorithm testing

« Summary and Path Forward

STAR-JPSS Annual Science Team Meeting, August 28, 2018 3



Why Surface Type

ST-EDR/AST Requirements from JPSS L1RD

Attribute Objective Evergreen Needleleaf Forests
Evergreen Broadleaf Forests

Geographic coverage Global Deciduous Needleleaf Forests
Vertical Coverage Deciduous Broadleaf Forest
ical Il Si / Mixed Forests
Vertical Cell Size N/A Closed Shrublands
Horizontal Cell Size 1 km at nadir Open Shrublands
Mapping Uncertainty 1 km Woody Savannas
Savannas
Measurement Range 17 IGBP classes Grasslands
Measurement Accuracy 70% correct Permanent Wetlands
Croplands

Lrban and Built-up Lands
Cropland/Natural Vegetation Mosaics
snow and Ice

Barren

Water Bodies

STAR-JPSS Annual Science Team Meeting, August 28, 2018 4



Why Surface Type

Surface Type Plays Important Roles in Many Climate Processes

' Grass/eropland L[ Imigation [ Forst |
|

L :

Shallow root | [ Low scasomlH Highsurface ||| Low surface }‘_ High Deeper root

depth LAl albedo albedo seasonal LAl depth
|
\ \
Depressed Bowen| | Depressed soil Ground water ’| Enhanced soil | | Enhanced Bowen
ratio (LHF/SHF) | |moisture recycling pumping moisture recycling| | ratio (LHF/SHF)
Mahmood, R, Pielke, R.A.,, Hubbard, K.G,,
2 Low CAPE ”Ig]l(‘\PF NIyOgI, D., Dirmeyer, PA, McAIpine, C.,
Deep dricr PBL Shallow moist Carleton, A.M., Hale, R, Gameda, S,
PBL Beltran-Przekurat, A., Baker, B., McNider,
[ I R, Legates, D.R., Shepherd, M., Du, J,,
I Blanken, PD,, Frauenfeld, O.W., Nair, U.S.,
& Fall, S. (2014). Land cover changes and
Local/Regional Climate their biogeophysical effects on climate.
Moist convection processes, mesoscale circulations (seaand-land ’Q”Zt;r ggg“’”"[ Journal of Climatology, 34,

breeze), and moisture/carbon/nitrogen allocation in the soil

Figure 2. Conceptual model of the impacts of LCC on local and regional climate (Source: Pielke ef al., 2007).

STAR-JPSS Annual Science Team Meeting, August 28, 2018 5
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Why Surface Type

Surface Type Plays Important Roles in NWP models
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Why Surface Type

) _ 0.36 { l Crop Grow Season Average
« GLDAS is tested using 0.34 | HE Anual Average

either old AVHRR ST or 55

newer MODIS/VIIRS 2 430

= J

QSTIP E’ 038

S 0.26-

. £ 24l

+ Root-zone soil moisture % zz:
estimates based on S

0.20

MODIS/VIIRS ST have
better agreement with

0.18

CATA CATM MA MM N3A N3M N2A N2M CLMA CLMM

iﬂ SHU measuremenTS Land Surface Models & STs

Fig. 1. The relationship between in-situ observational relative soil moisture of 108 stations and soil moisture simulated
by land surface models with AVHRR and MODIS land cover over China mainland from January 2011 to December
2012. For each month, the sample size is 324, consisting of 108 stations data for every ten-day observation time
interval. If correlation coefficients are more than 0.16. 0.22 and 0.29, they are significant with credibility level 0.05.
0.01 and 0.001 separately. Crop grow season is from April to September in 2011 and 2012. The symbols of CATA,
CATM, MA, MM, N3A. N2A, N2M CLMA and CLMM indicate Catchment, Mosaic, Noah3.2. Noah2.7.1 and
CLM2.0 land surface models (LSM) implemented in LIS respectively. ST is surface type.

Jifu Yin, Youfei Zheng, Xiwu Zhan, Christopher R. Hain, Qingfei Zhai, Changchun Duan, Rongjun Wu, Jicheng Liu
& Li Fang (2015) An assessment of impacts of landcover changes on root-zone soil moisture, International
Journal of Remote Sensing, 36:24, 6116-6134, DOI: 10.1080/01431161.2015.1111539

STAR-JPSS Annual Science Team Meeting, August 28, 2018 7



VIIRS Annual Surface Type 2017

* Improve compositing algorithm
e Generate AST product with 2017 VIIRS Data

Pre-processing MODIS/AVHRR Heritage Land Cover Algorithm
(Huge data processing job, handled
by a dedicated team for MODIS) Metrics
VIIRS surface reflectance generation|  Global annual : Post-
data (swath) metrics processing
| Gridding
Gridded surface !
reflectance data Machine Learning:
Mosaicking *+ Decision trees
— « SVM

Global composite surface
reflectance (daily)

Compositi !
Global Composite surface Initial classification Accuracy

reflectance (monthly) map assessment

\

STAR-JPSS Annual Science Team Meeting, August 28, 2018 8



VIIRS Annual Surface Type 2017

A New Self-Adaptive Compositing (SA-Comp) Algorithm

Previous compositing algorithms:

— Limitations: Good at one aspect, bad for others

— MODIS algorithm requires cloud mask/QA flags

« Automated surface cover condition determination
— Vegetated

— Water

— Snowl/ice

— Other

* Different method for different surface conditions

« Major improvements over
— Barren
— Water
— Snowl/ice

* Published by ISPRS Journal of P&RS

STAR-JPSS Annual Science Team Meeting, August 28, 2018 9
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VIIRS Annual Surface Type 2017

r:
/ VIIRS daily data for

one year /

A New Self-Adaptive Compositing (SA-Comp) Algorithm

Y N
Always covered
by Snow/ice/water

4 CF(NDVIsub-yearly>O'2) 21
I

3. CF(NDWIjy ;011,<0.00) >1
y—

¥
Has vegetation
in this period

N’
MaxNDVI 3. CF(NDWIsub-yearlySO-OO) 21
Barren ' Barren not observed, Barren . Barren not observed,
observed in covered by now, ice, observed in covered by now, ice,
this period or water in this period this period
MaxbVI MinSWIR2

or water in this period

MaxNDVI

MinSWIR2
Bian, J,, Li, A, Huang, C,, Zhang, R., & Zhan, X. (2018). A self-adaptive approach for

Photogrammetry and Remote Sensing, 144, 189-201.

producing clear-sky composites from VIIRS surface reflectance datasets. ISPRS Journal of

STAR-JPSS Annual Science Team Meeting, August 28, 2018
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VIIRS Annual Surface Type 2017

A New Self-Adaptive Compositing (SA-Comp) Algorithm

MaxNDVI MaxRatio MinRe SA-Comp
Water -

Better Than s v w'*’:‘:

Single- Snow/Ice

Criterion
Methods

Desert
Dryland

STAR-JPSS

11



VIIRS Annual Surface Type 2017

A New Self-Adaptive Compositing (SA-Comp) Algorithm

MODO09A1 NASA VNP0O9A1 SA-Comp

106°0'0"E 104°0'0"E 106°0'0"E

Less shadow

C e e |-

Area 1

Better Than

100°0'0"E 102°0'0°E

MODIS Non-snow " ' :
selected when

exist

100°0'0"E
91°0'0"E  92°0°0"

Area 2

Heritage

89°00"E wu
88°0'0"E  89°

5 ; L S
- B dertidl
R9O°0'0"F  90°0'0°F
°0"0"! 88°00"E  B89°0'0"E  90°0'0"E

Less cloud

ivve 90°00E
88°0'0"E  89°0'0"E  90°0'0"

Area 3

86°0'0"E  87°0'0"E  88°0'0"E
76°0'0"E 77°0'0"E

Smoother results over ‘
vegetated and non-
vegetated areas

75°00"E 76°0'0"E

75°0'0"E

200N \@FON

76°0'0"E

75°0'0"E 76°0'0"E
STAR-JPSS Annual Science Team Meeting, August 28, 2018
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VIIRS Annual Surface Type 2017

« Generated using 2017 VIIRS data acquired between:
— 1/1/2017 — 12/31/2017
« Available in two projections:
— Sinusoidal
— Lat/long
« FTP download:
— ftp://vct.geoq.umd.edu/ST/S-NPP_VIIRS GST IGBP_2017.zip
— ftp:/lvct.geoqg.umd.edu/ST/S-NPP_VIIRS GST IGBP_2017 30arcsec.zip

Legend

I ceroreen Needelesr Forest
[ Evergreen Broadisaf Forest
[ Deciduous Needieleaf Forest
[ ] Deciduous Broadiear Forest
[ mixed Forest

[ ciosed Shrublands

[ ] openshrubiancs

[ ] woody Savannas

[ ] savannas

[ ] Grasslands

I rernanent wetiands

[ ] croplands

I . ban and Built-Up

I croplandiMatural Vegetation Mosaic

[ ] snowandice

[ ] Bamen or Sparsely vegetated

Water Bodies

STAR-JPSS Annual Science Team Meeting, August 28, 2018 13
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VIIRS Annual Surface Type 2017

Validation of 2017 VIIRS AST Product

Reference
Total User’s Producer’s
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 (%)  accuracy (%) accuracy (%)
Map 1 18 0 0.06 004 029 O 0.01 021 004 004 O 0 0 001 O 0 002 26 717429 70.7+£3.5
2 0 852 0 009 012 0 0 042 009 003 0 005 0 006 O 0 0 9.39 90.7+1.2 93.1+1.1
3 005 0 097 0 011 O 0.05 011 0 0 004 O 0 0 0 0 0 1.33 73.2+3.9 66.6+4.8
4 0 0 001 077 004 O 0 009 003 O 0 0 0 001 O 0 0 0.94 81.7+3.0 34.4+3.1
5 019 012 029 0.74 3.64 0.3 0 063 015 002 002 0 002 027 O 0 002 612 59.4+2.6 771425
6 0 0 0 0 0 004 0 0 0 0 0 0 0 0 0 0 0 0.06 77.845.7 3.1+0.6
7 021 0 005 007 017 0.6 1178 052 041 148 021 041 002 017 0 055 0.02 16.67 70.7+1.7 84.8+1.7
8 027 016 004 031 013 006 0.24 506 059 012 0.05 007 001 039 O 0 002 75 67.4+1.9 58.4+2.2
9 0 021 003 005 005 043 0.32 085 463 021 003 021 0 056 O 0 0 7.59 61.1+2.9 67.8+2.7
10 003 0 0.01 0.01 0.06 0.23 0.69 024 026 631 0 058 001 02 0 023 ©0 8.85 71.3+1.7 67.2+2.4
11 001 003 0 0 001 O 0.07 0.04 005 001 054 0 0 0 0 0 0 0.77 69.6+6.2 60.1+7.3
12 001 001 0 0.02 0.03 0.03 0.09 0.07 0.16 042 0.01 685 005 061 O 0 002 838 81.8+1.2 79.2+1.7
13 0 0 0 0 0 0 0.01 003 0 001 O 007 052 004 O 0 0 0.69 75.0+3.6 80.6+5.4
14 0 01 002 012 0.06 0.01 0.07 04 04 018 0 037 001 277 0 001 O 451 61.4+2.1 54.0+2.7
15 0 0 0 0 0 0 0.17 0 0 017 0 0 0 0 1006 O 0 1041 96.7+2.3 100.0£0.0
16 0 0 0 0 0 0 04 0 0 03 0 004 0O 004 0 1221 0 1306 93.6+1.4 94.0+1.0
17 0 0 0 0 0 0 0 0 0 002 O 0 0 0 0 0 111 113 98.3+1.7 91.4+3.1
Total 2.63 9.16 146 224 472 143 1389 866 683 939 089 865 064 513 1006 13 121 100

Overall accuracy is 77.6 + 0.6%.

STAR-JPSS Annual Science Team Meeting, August 28, 2018 14



VIIRS Surface Type Change Product

Surface Type Highly Dynamic

Conversions e Short term changes

— Deforestation — Vegetation phenology

— Urban sprawl — Seasonal snow cover

— Desertification — Flooding/short term inundation
— Revegetation — Wildfire burning

— Other type conversions

STAR-JPSS Annual Science Team Meeting, August 28, 2018 15



VIIRS Surface Type Change Product

Needs for Surface Type Change/Daily Surface Type Product

Surface Type Change Can Result in changes in Key Climate Variables
Li, F., Lawrence, D.M., & Bond-Lamberty, B. (2017). Impact of fire on global land surface air

temperature and energy budget for the 20th century due to changes within ecosystems.
Environmental Research Letters, 12, 044014.

ET Varies with Inundation Level Changes

Zhao, X., & Liu, Y. (2016). Evapotranspiration Partitioning and Response to Abnormally Low Water
Levels in a Floodplain Wetland in China. Advances in Meteorology, 2016, 11.

Local Surface Temperature and Precipitation Change from Deforestation

Winckler, J., Reick, C.H., & Pongratz, J. (2017). Robust Identification of Local
Biogeophysical Effects of Land-Cover Change in a Global Climate Model. Journal of
Climate, 30, 1159-1176.

Consistency check of land surface status (e.g. albedo, LST, GVF, fires, etc)
requires near real time surface type data

STAR-JPSS Annual Science Team Meeting, August 28, 2018 16



VIIRS Surface Type Change Product

Feasibilities of Mapping Surface Type Change Using VIIRS

* Longer term surface type conversions should have been
captured by AST

« Shorter term changes need to be detected or brought in, e.g.
— Snow -> seasonal snow cover change
— Flooding -> short term inundation
— Fire/burned area -> fire driven changes

* Need to bring all these together in a single product suite — daily
surface type product for users convenience

STAR-JPSS Annual Science Team Meeting, August 28, 2018 17



VIIRS Surface Type Change Product

Daily Snow Coverage Has Already Been Available from VIIRS Snow Product Team

1 Jan 2017 1 Feb 2017

15 Apr 2017 1 Aug 2017

STAR-JPSS Annual Science Team Meeting, August 28, 2018 18
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VIIRS Surface Type Change Product

VIIRS image showing multiple fires in CA,

Prototype Mapping of Burned Area Using VIIRS

Surface Types
[ | Water Bodies
B Evergreen Needleleaf Forests
- Evergreen Broadleaf Forests

[ Deciduous Needleleaf Forests

Deciduous Broadleaf Forests
[ Mixed Forests

I closed Shrublands
Open Shrublands

| Woody Savannas

| Savannas

| Grasslands

I Permanent Wetlands
Croplands

E Urban and Built-up Lands

e \

Snow and Ice
| Barren

Landsat image

= showing fire and
g burned area, Oct

11, 2017 (left)

Il 5urned area, mapped on 10/09

Il "ew burned areas mapped on 10/14

High resolution
images showing
smokes of fire
(right)

STAR-JPSS

ual Science Team Meeting, August 28, 2018
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Surface type is an important input parameter for many NWP
and other land surface models

A self-adaptive compositing algorithm has been used for
compositing VIIRS 2017 surface reflectance and surface type
classification metrics

The new VIIRS Annual Surface Type 2017 product has been
generated and validated, will be delivered to NCEP users and
distributed to other users through STAR-JPSS website

A global gridded daily surface type product is needed to provide
dynamic daily surface type information for users

Team starts to work on VIIRS Annual Surface Type 2018 from
both S-NPP and NOAA-20 and will continue to explore
approaches/feasibilities toward the Daily Surface Type product

STAR-JPSS Annual Science Team Meeting, August 28, 2018 21



JPSS Vegetation Index & Green
Vegetation Fraction Products

Yunyue Yu
NOAA/NESDIS/STAR
Yunyue.Yu@noaa.gov

Mingshi Chen, Feng Zhao, Yuxiang He, Zhangyan Jiang
IMSG/STAR

Tomoaki Miura
Univ of Hawaii

STAR JPSS Annual Science Team Meeting, 27-31 August 2018



3 Outline

 Cal/Val Team Members

3 VIIRS NVPS* Production Overview
* NDE VI & GVF Algorithm
* Performance Overview
* NOAA-20 VI Product Status
* Long Term Monitoring

(1 A concern on input data consistency
 Interactive communication with users
 Summary and Path Forward

*NVPS = NDE Vegetation Product System

STAR JPSS Annual Science Team Meeting, 27-31 August 2018



3 Cal/Val Team Members

| Name | Organization Major Task

STAR/ lvan Csiszar NOAA/NESDIS/STAR Land Lead
EMB
Yunyue Yu NOAA/NESDIS/STAR EDR Lead, algorithm development/improvement,
calibration/validation, team management
Feng Zhao NOAA Affiliate, IMSG Product validation and assessment,
Mingshi Chen NOAA Affiliate, IMSG Algorithm development/improvement, product
monitoring
Zhangyan Jiang NOAA Affiliate, IMSG Algorithm development/improvement, product
monitoring
Yuxiang He NOAA Affiliate, IMSG Product visualization, monitoring
STAR/ Walter Wolf NOAA/NESDIS/STAR STAR ASSIST Lead
OPDB
Valerie Mikles NOAA Affiliate, IMSG STAR ASSIST, Algorithm System integration
Michael Wilson  NOAA Affiliate, IMSG STAR ASSIST, Algorithm System integration
U. Hawaii Tomoaki Miura  U. Hawaii Scientific support on validation and improvement

STAR JPSS Annual Science Team Meeting, 27-31 August 2018 3



NOAA DNASA

Overview -- V|

NDV[T0A =

NDVITOC =

EVI = (1+L). T

VIIRS VIs are inherited products from MODIS VI and AVHRR VI
VIIRS VIs consists of TOA NDVI, TOC NDVI and TOC EVI

TOA TOA
P2 — P11
TOA TOA
P2 + P11
TOC TOC
P2~ —Pn
TOC TOC
P12 TP
TOC TOC
Pr2~ — Pn

1. pTOC_CZ pTOC‘I'L

« Coverage: Daily, weekly and biweekly at global (4 km) and regional level (North
America,1 km)

NDE VI algorithm output

Temporal Scale Spatial Scale Format File Name (samples)
v (B Global (4km) VI-DLY-GLB_v1r2_npp_s20171226 e20180110 c201803161653550.nc
Daily (DLY

Regional (1km) VI-DLYL-REG_v1r2_npp_s20171226 e€20180110_c201803161740430.nc

Weekly (WKL) Global (4km) VI-WKL-GLB_v1r2_npp_s20171226_e€20180110_c201803161653550.nc

7-day Regional (1km) VI-WKL-REG_v1r2_npp_s20171226_e20180110_c201803161740430.nc

netCDF4

BiWeekly (BWKL) Global (4km) (*.nc) VI-BWKL-GLB_v1r2_npp_s20171226_e20180110 c201803161653550.nc
16-day Regional (1km) VI-BWKL-REG_v1r2_npp_s20171226 e20180110_ c201803161740430.nc

STAR JPSS Annual Science Team Meeting, 27-31 August 2018




JPS$S Overview -- VI

TOCEVI _ TOANDVI

-1.00 -0.20 -0.10 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.60 0.70 0.80 0.90 1.00

NDE Global Daily Vis on
01/04/2018
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| (R NDE Regional Daily Vls on
TOC NDVI | i - 01/04/2018
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JPSS Overview -- GVF

« Green Vegetation Fraction (GVF) is defined as fraction of a pixel covered by green
vegetation if it were viewed vertically

 GVF EDR provides continuity with NOAA 16-km weekly AVHRR GVF
* GVF estimation is based on the Enhanced Vegetation Index (EVI)

EVI — EVI
GVF = .
EVI,— EVI,

Where EVI, and EVI,, , the global minimum and maximum EVI, are algorithm parameters
determined experimentally, and need to be calibrated.

« Coverage: weekly at global (4 km) and regional level (North America,1 km)

NDE GVF algorithm output

Temporal Scale | Spatial Scale | Format File Name (samples)
Global (4km) GVF-WKL-GLB_v2rl _npp_
Weekly (GLB) netCDF4 $20180103_e20180109_¢201803191655370.nc
(WKL) : (*.nc)
7-day Regional (1km) GVF-WKL-REG_v2rl_npp_
(REG) $20180103_e20180109 ¢201803191657490.nc

STAR JPSS Annual Science Team Meeting, 27-31 August 2018 7



Overview -- GVF

GVF on 01/03/2018 ~ 01/09/2018

war SRR SR

-1.00 -0.20 -0.10 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.60 0.70 0.80 0.90 1.00
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Overview -- GVF

GVF on 01/03/2018 ~ 01/09/2018

war SRR SR

-1.00 -0.20 -0.10 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.60 0.70 0.80 0.90 1.00
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kBS Flux Tower sites (EOS Land Validation Core Sites)

~

VI Product Accuracy

NDVI TOC -0.04

EVITOC -0.02

Product Performance Overview - Vls

TOC NDVI (Julian day 297)
1

)

TOC EVI (Julian day 297)

90 |y=0.8267x 2 08
w
8 R2=0.8044 g
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© 0.4 . © O
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o £ 2
E 0.2 '.”' . * § 0.2
= oW
€ o
0 (0]
0 0.2 0.4 0.6 0.8 1 0

MYD13Q1 (16 day composite)
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TOC NDVI (Julian day 313)
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MYD13Q1 (16 day composite)

TOC EVI (Julian day 313)
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2735 Product Performance Overview - GVF

VIIRS GVF vs. Landsat Derived GVF

VIIRS GVF (4km) vs Landsat GVF Cross-plots

[ Pixals=592570
F R=0.952

1.0

0.8
0.6

0.4

VIIRS 4km GVF

0.2

0.0 0.z 0.4 0.6 0.8 1.0
Landsaot G

%
VIIRS GVF (1km) vs Landsat GVF Cross-plots

1.0

Global APU Estimates

Pixpls=4397614
R=0.902

Attribute Threshold Observed/validated

Measurement Accuracy ok ok -
1) Global
N L
2) Regional & 06
Measurement Precision £
1) Global "
i 0.4
2) Regional =
Measurement Uncertainty
a.2
1) Global
2) Regional
)_Regiona 0.0 i L.

0.0 0.z 0.4 0.6 0.8 1.0
Landsot GWF
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2735 Product Performance Overview - GVF

VIIRS GVF vs. Google Earth Derived GVF

Sample site (Park Falls, W1, USA) VIIRS GVF (4km) vs Google Earth GVF — Scatterplot
Google Earth image over a Classified image
0.036°x0.036° VIIRS GVF pixel (vegetated pixels: bright green) 1 P

0.8
/ y = 0.7898x + 0.0965

08 R=0.931

//"/ R?=0.867

0.7 /% n=30

¢ GVF
==1.1line

L .
. / ——Linear (GVF)

o
o
N

VIIRS GVF

o o

FN—
*

>

*

*
+*

o o

PN W

%
L 2

T T
0 0.2 0.4 06 08 1
Google Earth GVF

APU Summary Table

Attribute Threshold Calculated

(5/10/2013) Google Earth GVF=0.38
VIIRS GVF=0.36 Accuracy 012 00202

Precision 0.15 0.1010

Uncertainty 017 0.1014

STAR JPSS Annual Science Team Meeting, 27-31 August 2018 12



2735 Product Performance Overview - GVF

VIIRS GVF vs. PhenoCam GVF

Sample site (Bull Shoals, Mo, USA)

PhenoCam images collected every half hour

o/17/2016

——
5/17/2016

_

VIIRS GVF 4km VIIRS GVF 1km

GVF (%)

Oct2012  Jan2013  Apr2013 Jul2013  Oct.2013 Jan2014 Apr,2014 Jul2014  Oct,2014 Jan2015 Apr,2015 Jul2015  Oct2015 Jan2016 Apr.2016 Jul2016

GVF and GCC at bullshoals (36.5628,-93.0666) I
T 050

STAR JPSS Annual Science Team Meeting, 27-31 August 2018
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)= NDE NOAA-20 Status - VI

= The NDE SNPP algorithms are
applied for NOAA-20 VI & GVF
production (NDE)

= Beta maturity Review was done on
Aug. 22., 2018

= Calibration and validation is on the
way for Provisional maturity (Feb

. ..:}aff{é IR G e ——
NDVI_TOA = -
NDE NOAA-20 VI Global Products 07/02/2018 - .

08 1.0 @

ater Nodata <0 . 1 ‘ ’ ater odata <0 § 4 ' '
. NOAA/NESDIS/STAR M NOAAINESDIS/STAR 1



)= NDE NOAA-20 Status - GVF

Jun 28, 2018 - July 20, 2018

06/22/2018 - 06/28/2018

Water 0 . 0.15 0.2 (.25 0.3 (.35 0.4 0.45 0.5 (i

STAR JPSS Annual Science Team Meeting, 27-31 August 2018



3 TOC NDVI Cross-comparison: NOAA-20 VS. SNPP

NPP VIIRS TOC NDVI SN PP'NOAA'ZO

20180628

NOAA-20 VIIRS TOC NDVI NOAA-20 VIIRS QF1 Overall TOC NDVI
20180628

STAR JPSS Annual Science Team Meeting, 27-31 August 2018

NOAA-20 NDVITOC
00 02 04 06 08
)

NOAA-20 NDVI TOC

Scatterplot(SNPP-NOAA-

AN\
Q
-

00 02 04 06 08 1.0
SNPP NDVI TOC

06 08 1.0

04

0.2

0.0

00 02 04 06 08 10
SNPP NDVI TOC
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NOAA-20 GVF vs. SNPP GVF

NOAA-20 VIIRS Weekly Green Vegetation Fraction Jul 4 - Jul 10, 2018 Weekly GVF dilference (NOAA-20 - NDE SNPP) Jul 4 - Jul 10, 2018
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_— _—— y I
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NDE SNPP VIIRS Weekly Green Vegetation Fraction Jul 4 - Jul 10, 2018
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3 VIIRS VI Long-term Monitoring

Developing a long-term
monitoring tool .

Data Sets:

TOA NDVI

— Send alerts when abnormal =
results occurs;

— Automatically validate
against field
measurements;

— Update maps through
WWW

— https://www.star.nesdis.noa
a.gov/smcd/viirs vi web/lan = &,

Data Sets:

dwatch/index.php ST

Climatology

Compositing:
* Daily Rolling Weekly
Analysis:
Availability Tables
* Maps

Date:
dd mm  yyyy
08 v || 201,

</[09 v g v

STAR JPSS Annual Sq


https://www.star.nesdis.noaa.gov/smcd/viirs_vi_web/landwatch/index.php

IDPS GVF

NOAA DNASA

NDE GVF VS. IDPS GVF (Jan 3 - Jan 9, 2018)
1

Issue under investigation: Input SR Diff to IDPS

GVF Comparison: NDE vs. IDPS input

LO[™ v T T T 2500
Mean diff=-0.033
RMSE=8.40
R=0.936
200
0.8 B
~1800
L
0.6 |
1400
-
04 E
1000
E
02 - =1 600
0.0 1 ! 200
0.0 02 0.4 0.6 0.8 1.0 @
NDE GVF V

IDPS GVF

NDE GVF VS. IDPS GVF (Jan 17 - Jan 23, 2018)
1 I 1

0.4

1
Mean_diff=-0.036
RMSE=7.55
R=0.967

=1800

-1400

1000

600

0.2
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TOC Ref inconsistency

NoAA NASA

NVPS vs. IDPS: TOC Reflectance (55° — 62.5° for backward)

11 TOC Reflectance - . . M3 TOC Reflectance w00

0.1
- Aum_apus_sub/2018_179/apu_nw_pair_2018_179_r3wz3.f6.Ilsr txtﬂccgr?CU —_— LAvm_apus_sub/2018_179/spu_nv_pair_2018_179_r3vz3.f6.M3sr txtﬂCCH’"?CU —_—
Semple Size: 2330 Precision ——— Sample Size: 2330 Precision ——
MDa) | i 0.037866 Hncertainty ——— MD{a) @ 0.000480 Mncertainty ——
Std{p) : 0.010825 1 250 Std{p) : 0.005399 1 250
RMSE{u): 0.039383 RMSE(u): 0.005413
0.05 0.05
4 200 4 200
o M - w “
o 0 150 o o 0 T S E——————— 150 o
ey = e =
o = " =3
= g ) g
2 o «© ol
4 100 4 100
-0.05 -0.05
4 50 1 50
“0.1 . L . L ; 0 ~0.1 . . . . . 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.05 0.1 0.15 0.2 0.25 0.3
Bin [../wm_apus_subs/2018 179/apu_nv_pair_2018_179_r3vz3.f6.11sr ] Bin [../vm_apus_sub/2018_179/apu_nv_pair_2018_179_rdvz3.f6.M3sr ]
o1 , _ 12 TOC Reflectance 200
. Aum_apus_subs2018_179/apu_nv_pair_2018_179_r3vz3.f6.12sr txﬁccer?cu —_—
Semple Size: 2330 Precision ——
MD{a) & -0.002031 Pncertainty =
Std(p) : 0.005322 1 50
RMSE{u): 0.005635
0.05
4 200
o o
]
b} t T 150 %‘:
= =
= o
“ v
4 100
-0.05
4 50
o1 L L . . . I . 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Bin [../wm_apus_sub/2018_179/apu_nv_pair_20168_179_r3vz3.f6.12sr ]
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NoAA NASA

NVPS vs. MODIS: TOC Reflectance (0° — 7.5° for forward)

11 TOC Reflectance - . . M3 TOC Reflectance w00

0.1
. Aum_apub_sub/2018_179/apu_nm_pair_2018_179_rivz3.f0.I1sr |[tuficouracy =—— . Avm_apus_sub/2018_173/apu_nm_pair_2018_173_rdvz3.f0.M3sr [tyfiocuracy ——
Sample Size: 2400 Preclgmn — Sample Size: 2400 F’"E‘Cl?w” —
MD{a) i 0.015852 Hncertainty ——— MD{a) : 0.006196 Mncertainty ——
5td(p)| : 0.008807 1 o5 Std(p) : 0.006161 1 aeg
RMSE{u): 0.018134 RMSE (u): 0.008737
0.05 0.05
1 200 4 200
: M 4 g e : : 4
= o = @
2 0 oy 150 w o 0 150 w
o = - =
pid 3 B £
“ o «© ol
{ 100 4 100
-0.05 -0.05
1 50 1 50
“0.1 . L . L . 0 ~0.1 L . L L L 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 Q.05 0.1 0.15 0.2 0.25 0.3
Bin [../vwm_apus_subs/2018 179/apu_nm_pair_2018_179_r3vz3.f0.I1sr ] Bin [../vm_apus_sub/2018_179/apu_rm_pair_2018_179_rivz3.f0.M3sr ]
- , _ 12 TOC Reflectance w00
L Avm_apus_subA2018_179/apu_nm_pair_2018_17S_r3wz3.f0.I12sr txtﬂCCQF?CU —_—
Sample Size: 2400 PFE'Cl?lU” _
MD{a) @ 0.00Z565 Hncertainty =[] 359
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RMSE{u): 0.008395
0.05 300
1 250
3 b
= B 2
]
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Bin [../vwm_apus_subs/2018 179/apu_nm_pair_2018_179_r3vz3.f0.125r ]
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NoAA

NASA
NVPS vs. MODIS
s TOC NDVI: 0° — 7.5° for backward
. ./vm_apus_sub/EOlS_1?9/apu_nm_pair_2015_179_r3v23.FO.TDE_NEIJVI.H.QW’"?CU _
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IDPS vs. MODIS

TOC NDVI: Q° — 7.5° for backward
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3 Interactive communication with users

Current NVPS Primary Users:
— NOAA Earth System Research Lab/GSD, HRRR (Stan
Benjamin)
— NCEP/EMC, Land Model (Jack Kain's group)
—NESDIS/STAR, SMOPS (Xiwu Zhan)
— NDE Downstream products VIIRS LSE/LSA

STAR JPSS Annual Science Team Meeting, 27-31 August 2018
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JP3S Summary

Enterprise VI and GVF algorithms were developed and
implemented for operational production on the NDE system.

The VI and GVF data from SNPP are operational ready

The VI and GVF data from NOAA-20 are in the NDE test
environment

Performance of the NVPS meets the requirement, though further
evaluation using in-situ data is needed

NCEP HRRR, SMOPS, and LSE are using the NVPS GVF data

Significant VI/GVF difference observed when input data are not
consistent

STAR JPSS Annual Science Team Meeting, 27-31 August 2018
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JP$S Path Forward

The NVPS improvements
* Code efficiency and robustness
* data layer re-arrangement, redundant removal
* QF upgrade

Comprehensive validation will be perform using in-situ data, as
well as other reference data

Conduct provisional readiness for NOAA-20 VI and GVF
production

Significant upgrade on validation and monitoring tool is
necessary

Interactive communication with users

STAR JPSS Annual Science Team Meeting, 27-31 August 2018
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NOAA QNASA

JPSS Land Surface
Temperature Product

Yunyue Yu
NOAA/NESDIS/STAR
Yunyue.Yu@noaa.gov

Yuling Liu, Peng Yu, Heshun Wang
UMD/ESSIC



Outline

] Cal/val Team Members

1 JPSS LST Production Overview
= Enterprise LST algorithm for NDE
= NOAA 20 LST status
* Gridded VIIRS LST product development
» Emissivity development
* Long Term Monitoring

U Interactive communication with users

d Summary and Path Forward




JPSS Cal/Val Team Members

Organization Team Members Roles and Responsibilities
Ivan Csiszar NOAA/NESDIS/SATR Land Lead, Project Management
Yunyue Yu NOAA/NESDIS/SATR EDR Lead, algorithm development, validation,
team management
Yuling Liu product monitoring and validation ; algorithm
development
Heshun Wang algorithm improvement, emissivity development
Peng Yu product validation tool, monitoring, applications
Walter Wolf NOAA/NESDIS/SATR System Integration, Transition
Valerie Mikles System Integration, Transition
Marina Tsidulko STAR IT support
Jack Kain NOAA/EMC/NCEP User readiness
Weizhong Zheng User readiness : Model LST verification
Yihua Wu User readiness : Model LST verification

. STARIPSSAnnualScience Meeting 27-30 August2018



JP$S Enterprise LST Algorithm

20180105_t2023_e2030 UTC 20180105_t0756_e0803 UTC

220 240 260 280 300 320 340
LST (K)

220 240 260 280 300 320 340
LST (K)

Regression Form: Ts = Ay + A T11 + Ax(Ty1 - Tq2) + Aze + A4e(Tyq - Typ) + AsAe
Status:
* The ASSIST Near Real Time (NRT) run of the enterprise LST has been started from end of June 2018

* The NDE Operational Readiness Review is scheduled in Sept 2018, operational run about one month afterward.
* The LST ATBD is Updated accordingly



JPSS Performance Overview

Validation Summarized Results* Notes
method

Comparisons SURFRAD: -0.08(2.26)  Statistics of the differences are based on the enterprise VIIRS LSTs against

with ground sxf: -0.48(2.50) ground LST estimates from 7 SURFRAD sites, 1 GMD site and 2 BSRN

measurements tbl:-0.16(1.54) sites, for a time period of total 7 weeks in four seasons. The results are
gwn:-0.91(3.35) constrained by ground data quality control, cloud filtering procedure and
psu:-0.25(1.62) upstream data quality.

dra:-0.83(1.69)
fpk:-0.44(1.56)
bon:-0.72(2.46)

GMD over SUM
-0.25(1.12)

BSRN over CAB
-0.63(1.73)
BSRN over GOB
-1.23(1.52)

Cross satellite  0.01(2.49) The cross comparisons are performed between enterprise VIIRS LSTs and
Comparison -0.18(2.80): daytime MODIS AQUA LSTs. The results are constrained due to regional sampling
0.46(1.43): nighttime limitation, i.e. over Africa, US, South America, Australia and Canada. It is
also constrained due to temporal sampling limitation, sensor difference, and
observation angle difference etc.

*Bias (STD) of L1RD threshold: 1.4 (2.5K)
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NOAA 20 Global LST(night):20180602

NDE NOAA-20 LST Status

NOAA 20 Global LST{day):20180602
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JPSS Gridded LST product development

20180625 Day

-135 -90 -45 0 45 90 135 C Start )

v

Gridding LST loop over the 72*72 tiles

(]
E yes
§ ves \ 4
q&an?
no
v
Read Tile Information generated by the
gridding tool
v
-135 -90 -45 0 45 ) 135
Longitude » Loop over all granules with coverage to this tile

213 234 256 278

Gridding Tool
Output

no
Valid LST?
yes

Data selection module & QC Setting

v

Tile to
Granule

IndeX

Granule
to tile
Index

Data output module

—ANy A ' o ===
= A gridding tool generates grid-pixel done?
> M M_ mapping IPs which are used as yes
o °

. input for the gridded LST production Metadata set module
B = The gridded LSTs are computed tile
—AEY AT oyue !

= A tool will be provided to convert the ( end )
tile dataset to the final LST product.

Gridding tool output structure High level flow chart of gridded LST using the gridding tool




NOoAA

NASA

LSE Product Main Features

» Daily product with global coverage at 0.009 degree

grid.

* Including 5 bands: VIIRS and ABI split window

channels and 8-15um broadband.

* Pixel by pixel quality flag, grouping LSE uncertainty
into four level and vast majority with an error of less

than 1.5%.
Ground LSE Measurements

* Four bare sites at northwest of China measured by

BOMEM MR340 FTIR.

* Sand Samples from Three deserts measured using

Nicolet iS50 FTIR.
Validation Results

» Split-window channel LSE uncertainty within 0.6%

* Broadband LSE uncertainty within 1.2%.

1.00

Emissivity Data Development
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4-site validation Results

. STARIPSSAnnualScience Meeting 27-30 August2018

BBE

Emissivity Uncertainty
I I I
<=0.005 0.005-0.010 0.010-0.015 >0.015



NOoAA NASA

= Monitoring/Validation tool
maintenance and extension

v" The monitoring tool routinely generates daily
global VIIRS LST maps, and the diurnal
temperature range (DTR) from the operational
VIIRS LST EDR data and validation with
SURFRAD data.

v NOAA 20 data has been added into the
monitoring system.

v’ ftp site for image distribution and natification is
working routinely. The data is available at
ftp://ftp.star.nesdis.noaa.gov/pub/smcd/emb/pyu/V
IIRS_monitoring/.

VIIRS Global LST {daytime): 20180730

- 135 45 A€ 20 135
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STAR JPSS Home
«JPSS Data Products

« Algorithm Cal/Val Maturity
« Product Operational Matrix
« Documentation

Product Monitoring
«ICVS

« EDR LTM Site

« N-20/SNPP Equator Crossing

JPSS Instruments/SDRs
«ATMS

ecrs

< VIIRS

<OMPS.

Environmental Data Records
«Ocean Products

« Sea Surface Temperature

« Ocean Color
«Land Products

«Active Fires

«Land Surface Temperature >>

« Surface Albedo

« Surface Type

« Surface Reflectance

« Vegetation Index

« Green Vegetation Fraction

« Vegetation Heaith
«Cryosphere Products

« Snow Cover

« sealce

JPSS Home > Product teams > Land Surface Temperature

Long-term monitoring

Land Surface Temperature (LST)

Team Lead: Yunyue (Bob) Yu

Background
Land surface temperature, a key indicator of the Earth
surface energy budget, is widely required in
of and
itis of
radiation budget at the Earth surface and to
monitoring the state of crops and vegetation, as well
as an important indicator of both the greenhouse
effect and the energy flux between the atmosphere
and ground (Norman & Becker, 1995; Li & Becker,
1993;). LST is one of the land EDRSs for the JPSS
mission. Maturity status of the S-NPP product
generation is defined as beta, provisional and
validated versions; the LST beta and provisional
productions were started in December 2012 and June
2014, respectively. The validated V1 version readiness
review was approved in December 2014

to the net

Algorithm Science and Data Access
VIIRS, aboard S-NPP, provides measurements of the
atmospheric, land, and oceanic parameters which are
referred to as EDRs. The LST EDR is the

of the skin over global land

«Ice Surface

«Atmosphere coverage including coastal and inland- water.
«imagery Currently, The VIIRS LST EDR is derived from a
« Clouds

« Aerosols
«VIIRS Polar Winds
« NUCAPS IR+MW Products
« MiRS MW Products
« OMPS Ozone
« GCOM-W AMSR2 Products

Product Applications
«Cal i S

baseline split-window regression algorithm (Yu et al
2005)

VIIRS Global LST, April 8, 2014 - click to enlarge

Global monthly mean dumal LST range Som VIRS: May 2014

Global Monthly Mean from May 2014 of diurnal range of LST from S-

NPP VIIRS - click to enlarge

Global Menthly mean diurnal LST range from VIIRS: 2G1807

135 —S0 —45

45 20 135




Q Interactive communication with users

External Users

— USDA Agricultural Research Services(Martha Anderson)

-- USDA Forest Service (Brad Quayle)

— Academy — Univ. of Maryland (Konstantin Vinnikov, Shunlin Liang, Cezar Kongoli )

Army Research Lab ( Kurt Preston)

— EUMETSAT LSA SAF LST group (Isabel Trigo, Project Manager)

— ESA/ESRIN, Italy (Simon Pinnock & Olivier Arino)

— Univ. Of Edinburgh, UK (Chris Merchant)

— OBSPM, and LSCE, France (Catherine Prigent & Carlos Jimenez, and Catherine Ottlé)
— Universitat de les llles Balears, Spain (Maria Antonia Jimenez Cortes)

— eLEAF, The Netherlands (Henk Pelgrum & Wim Bastiaanssen)

— Centre for Ecology and Hydrology, UK (Rich Ellis)

— Institute of Geodesy and Cartography, Poland (Katarzyna Dabrowska-Zielinska)

Provide test datasets for
» NCEP/EMC weather forecasting model output verification

= NCEP/EMC land surface air temperature prediction model

T,



NOAA DNASA

VIIRS LST vs Model 2m Temp

VIRS LST (K)
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Current Users feedback

VIIRS LST vs Model TSFC
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EMC requested the granule VIIRS LST for studies on assimilating VIIRS LST into
RTMA/URMA to improve air temperature prediction over Alaska area.
The preliminary results are very encouraging therefore EMC is going to subscribe the

VIIRS LST data

.



JPSS Summary

U Enterprise LST algorithm progress
* The enterprise LST algorithm will be run in NDE by Oct 2018.
= Local ent-LST dataset is available upon request
= Daily emissivity dataset is available also

d NOAA 20 LST beta maturity reviewed

 Gridded LST design and development
= CDR will be conducted in Sept/Oct 2018
= Daily product, grid size 0.009.
= Quality flags and metadata are available.

d Long-term monitoring — fairly matured for the science
team

d Active communication with users

T,
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Future Plans/Improvements

Comprehensive validation, Alg Calibration

QF improvement

Product maturity Progress

Emissivity Data evaluation

Operational Gridded LST done by Sept 2019
Extension of the cross satellite LST comparison e.g.
Sentinel 3.

International collaboration on the ground data
collection for LST validation.

Users interactive communication




JPSS Land Surface Albedo

Yunyue Yu
NOAA/NESDIS/STAR
Yunyue.Yu@noaa.goVv

Shunlin Liang, Dongdong Wang,
Yuan Zhou, Jingjing Peng
UMD/CICS

STAR JPSS Annual Science Team Meeting, August 2018



JP3S Outline

 Cal/Val Team Members

1 VIIRS LSA Production Overview
= New LSA algorithm for NDE

= NOAA-20 LSA status
= Algorithm Performance

(J NDE Gridded LSA Product
J Updates to Sea Ice Surface Albedo Algorithm
J User feedbacks

J Summary

STAR JPSS Annual Science Team Meeting, August 2018



3 Cal/Val Team Members

Team Members

Organization Roles and Responsibilities
Ivan Csiszar NOAA/NESDIS/SATR Land Lead, Project Management
Yunyue Yu NOAA/NESDIS/SATR rEn[;Ea;i?:é rr:ltlgorithm development, validation, team
Jingjing Peng Algorithm development, validation, monitoring
Shunlin Liang UMD/CICS Algorithm development, validation
Dongdong Wang Algorithm development, validation, monitoring
Yuan Zhou Algorithm development, validation, monitoring
Walter Wolf NOAA/NESDIS/SATR System Integration, Transition
Valerie Mikles System Integration, Transition
Marina Tsidulko STAR IT support
Jack Kain NOAA/EMC/NCEP User readiness

User readiness : Model albedo application,

Weizhong zheng verification

User readiness : Model albedo application,
verification

Yihua Wu

STAR JPSS Annual Science Team Meeting, August 2018 3



JP$S VIIRS NDE LSA Product

SNPP VIIRS Albedo Product (IDPS) (Jan 22th, 2015)

Status: @
* The ASSIST Near Real Time (NRT) run | . | . |
of the NDE LSA has been started from e
end of June 2018 *iméj d
« The NDE Operational Readiness | <
Review is scheduled in Sept 2018,
operational run about one month
afterward.
 The LSAATBD is Updated accordingly

; . ] . >
SNPP VIIRS Albedo Product (NDE) (Jan 22th, 2015) 0.0 0.2 04 0.6 0.8 1.0

Issues of IDPS LSA product
* Missing values
« Uncertainties from a single

observation
Feature of NDE LSA product
« Gap-filled
it * Noise-reduced
; . : ] >

STAR JPSS Annual Science Team Meeting, August 2018 4
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R?=0.793 3
- R=0.423
NOAA DNASA 0.8 EMS—EE%SSQ 0.8 RMSE=0.107
o 1as=0.008, ¥ J 5 ~°| Bias=-0.038
. £ * % L * *
Performance Overview g 06 i Sosl .t T
2 *f’;** d © R
. * "
«  Surface-specific LUTs were 02 ke = .
0.2 fﬁ’ ok Hk
developed . &%
— Generic 0 0.5 1 0
SURFRAD 16-day mean albedo gURFRAD 16_%'; mean albedja
— Desert
1
— Snow R2=0 704 1 e
— Sea-ice 08| AMOES0.074 o o8l RMSE=0076
. 3 2s=0D17 A& B °| Bias=-0.036
« Climatology of albedo was = o6l £%* 5 « %
; ] x 3 :* c 06 Lk *
used to fill data gaps and e YA S * ! f
: O 0.4} £ *
reduce retrieval 5% =77 o 04 ek
uncertainties = 0.2 e < o
« Validation results suggest 0
the VIIRS NDE algorithm is 0 05 1 % 05 :

SURFRAD 16-day mean albedo '
SURFRAD 16-day mean albedo
accurate y
Validation results of 16-day mean albedo from VIIRS and MODIS
by comparing against SURFRAD measurements

Pre-TRR validation Post-TRR validation

Regs.
land sea ice SURFRAD Ozflux
Accuracy 0.08 0.008 0.028 -0.005 0.02
Precision  0.05 0.05 0.035  TRR: Test Readiness Review

STAR JPSS Annual Science Team Meeting, August 2018 5



JP$S NOAA-20 VIIRS Albedo Status

N20 VIIRS Albedo EDR 201806211920050

110° . , "W
Wo0s'W 100'w os'w go'w 88 W 8
0 0. 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
‘ ‘ Summer Case: 20180609
1 . . 8000
Samples = 2765491
MeanDiff = -0.023 7000
_ _ 0 R=0921
= The NDE SNPP LSA algorithm is §MSE=0~008(5)82 6000
- o recision = U.
applied for NOAA-20 LSA production 3 5000
206
(NDE) : : : < 4000
= Beta maturity Review was done in 2

July 2018 9 0.4 3000
= Calibration and validation is on the 2000

way for Provisional maturity (Dec 0.2F
2018) 1000

: : : : 0
0.2 0.4 0.6 0.8 1
NOAAZ20 VIIRS Albedo

STAR JPSS Annual Science Team Meeting, August 2018



)5 Gridded LSA Product

- ----(Tile—lD-,--x-,--

Development

EY) """"" S |

= A gridding tool generates
grid-pixel mapping IPs which
are used as input for the
gridded LSA production

» The gridded LSAs are
computed tile by tile

= A tool will be provided to
convert the tile dataset to the
final LSA product.

180°W  120°W 60" W 0

STAR JPSS Annual Science Team Meeting, August 2018
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7 o T =
g 7 C
\ J 5 - andadby 29 % 1 A e
roduct Monitoring'for weather,'climate and environmiental a)
NoAA NASA 3 S-NPP VIIRS Albedo
. 20 Aug 2018 - 1320 ET / 17201
«STAR e
Select a parameter Land Surface Albedo Select a Date
s Lana Surface Albeco ¥ A Qe @ B BED

Suomi NPP VIIRS Global Land Surface Albedo
18 Aug 2018

Developed a long-term
monitoring tool

— Automatically validate
against field measurements;

— Generate global composite —— .
mapS on a regLIIar baS|S : Suomi NPP VIIRS Global Land Surface Albedo

— Send alerts when abnormal
results occurs;

— Update maps through WWW

— http://www.star.nesdis.noaa.
goVv/[pss/EDRs/products Alb
edo.php

No Data 0.0 0.1 0.2

A global map of land surface albedo composite with VIIRS products of Sept, 2016

STAR JPSS Annual Science Team Meeting, August 2018 8


http://www.star.nesdis.noaa.gov/jpss/EDRs/products_Albedo.php

3 Interactive communication with users

e U.S. Users:

— NOAA National Weather Service Environmental Modeling Center (Michael
EK, Jesse Meng, Weizhong Zheng )

— USDA Agricultural Research Services(Martha Anderson)

— USDA Forest Service (Brad Quayle)

— NOAA/NESDIS Center for Satellite Applications and Research (Jerry Zhan)
— NOAA/NESDIS National Climate Data Center (Peter Thorne)

— Academy -- University of Maryland (Konstantin Vinnikov, Shunlin Liang,
Cezar Kongoli )

— Army Research Lab ( Kurt Preston)
 Foreign Users

— EUMETSAT (Yves Govaerts)

— Météo France (Jean-Louis Roujean)

— Academy: Italy IASMA Research and Innovation Centre (Barbara Marcolla),
Beijing Normal University (Qiang Liu)

STAR JPSS Annual Science Team Meeting, August 2018



3 Interactive communication with users

 The new gridded, gap-filled, noise-reduced product is developed to
meet the requirements of modeling team and data analysis.

— Working with the NCEP modeling team to test the application of
new product

— Customized the codes to generate tailored data sets.

0.8

0.6

A
i 41104
S /

180°W 1200W  60°W 0o 60°E 120°E  180'E 180'W  1200W  60°W

Examples of albedo data customized for modeling team

STAR JPSS Annual Science Team Meeting, August 2018

0.2

10



JP3S Summary

(J NDE Albedo Algorithm progress
* The NDE Albedo algorithm will be run by Oct 2018
» Feature: gap-filled, noise-reduced, sea-ice albedo
(J NOAA-20 LSA beta maturity reviewed

 Gridded LSA design and development
= CDR will be conducted in Sept/Oct 2018
= Dally product, grid size 0.009.
= Quality flags and metadata are available.

 Long-term monitoring — fairly matured for the science team
 Active communication with users

STAR JPSS Annual Science Team Meeting, August 2018
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JP3S Future Plans/Improvements

d Comprehensive validation, Alg Calibration

d Operational Gridded LSA done by Sept 2019

d Product maturity Progress

d Albedo data reprocessing and evaluation

d Monitoring, validation tool at STAR environment
1 Users interactive communication

STAR JPSS Annual Science Team Meeting, August 2018
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Applications of
Land Remote Sensing
iIn NOAA’s NWP

Yihua Wu'2, Weizhong Zheng?!2
Jiarui Dong'?, Helin Wei'?, Jack Kain?

1]. M. Systems Group
2NCEP/EMC

8/28/2018 STAR JPSS 2018 Annual Conference




Background

 The land surface model (LSM) is an essential component
of modern weather and climate forecasting systems.

e Accurate and detailed land surface information is critical
for environmental modelling, risk assessment and
decision making.

* The parameters used in LSMs are partly poorly
constrained due to sparse land surface observations.

* Novel satellite-derived datasets can improve LSM
configuration, and hence can contribute to the
improvements of environmental modelling, weather
predictability, risk assessment and decision.

8/28/2018 STAR JPSS 2018 Annual Conference



Noah(-MP) Land Model Connections
in NOAA’s NWS Model Production Suite

Climate Forecast System (CFES) 'Fz ﬁ
MOMA4/GFS/GLDA/Sea-Ice Nat. W M | iy
at. Water Mode Et

Pk

3.5B Obs/Day
Satellites
99.9%
radar?

Global Data
Assimilation ,

Regional Data
Assimilation

urricanc coupled Oceans
HWRF, HMON
HYCOM
WaveWatch 11

Regional NAM
NMMB Dispersion

ARL/HYSPLIT

Short Range r
GIobaI Ensemble Forecast Ensemble For?acast Severe Weather
/ HREF/HIRESW

System (GEFS W 3
% ( ) WRF-ARW, NMMB (ARW & NMMB) Ty

North American Ensemble 4/ .
RCDAS/NARR Atmosphe_rlc %
E—ta Composition
NMMB/CMAQ/NGAG: - =

NCAR T NLDAS RAP/HRRR

UT-Austi e
ustin (Uncoupled) (ARW-based)

U. Ariz.
& others NOAH( MP) Land Surface Model (drought/flooding) /RUC LSM

8/28/2018
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LSM’s Role and Requirements

Close surface energy & water budgets,

Determine heat, moisture, and Vhnemron oommmsom
mofmengtLUT exchhange between :EU:TDEFT:T“F'IE (u NCEP-NCAR clc:.1,'¢r-11:-¢n.nc|Lc:.r-1-3|u.uer
sur qce atmospnere, N SIJHFACEF'FIESSEHE unified Noah
Provides surface boundary conditions | land model |
to parent atmospheric model, e.qg. )
a rrul:lns. I'el ic - J
NAM, GFS, CFS, FV3GFS. » T e
ANORY WATFR SENSIBLE I-!EnT FLI_I). t ) ‘¢ -
_ ) z EVAPORATION (Ec) . \afTrarn utfexan LONEuAE '[/
Approprlate thSlCS tO represent CONDENSATION E A[ t.‘T}DUEIEIl:LEIﬁE'Il'IGONNk [ t? il /
_ E.':J D|HEF]’50|L o'from snowpac EI.!'EEI rial
land-surface processes, - I : LI (3l
Atmospheric forcing to drive land RUNOFF z t | stowNELT )
INILTRATION + SOILHEATFLUX %
model, 5 X
e.g. soil l
: : r €9 OBTURE FLUX AT PN
moisture/ice and snow, analogous to e , N
initial atmospheric conditions, though IREEEE
land states may carry more "memory”, Rl I u—— HEAT BUDGET
especially deep soil moisture, similar ‘

to SSTs,

, €.9. land use/land cover (vegetation
type), soil type, surface albedo and emissivity, and associated parameters, e.g.
surface roughness, soil and vegetation properties.

8/28/2018 STAR JPSS 2018 Annual Conference 4



Land Surface Remote Sensing Products

land cover change monitoring
(land use type)
Vegetation mapping and monitoring

(vegetation type, cover area (GVF),
plant density (LAI), plant height,
plant phenology)

Soil type (mostly relied on ground-
based surveys)

Soil moisture mapping
(drought detection, flood
monitoring, modeling)

Surface albedo and emissivity
Snow cover and depth

Wild fire monitoring

Land surface temperature

Determination of
evapotranspiration

Lake surface temperature
Precipitation

Urban surface physical
parameters

8/28/2018 STAR JPSS 2018 Annual Conference )




Snow Products

Initial Iand states: 02 April 2012 Snow Depth Effects in Data Assimilation

16TH MESH AFWA DEPTH IN CM: 2012040212 RH SFC, CONUS Wast, 00Z Cyole, 20171207—20171201 Mean

— aoba — PRFYOTESIB PRFY3TESTD

4-km Snow Cover (dally 24-km Snow Depth (daily
integrated NIC IMS product) integrated AFWA product)

Satellite-based Land Data Assimilation T SFC, CONUS West, 00Z Cyole, 20171207—-20171281 Mean
in NWS FV3GFS Operational Systems

GFS/CFS

1 |
12z 1

]
8Z
Initial Forcing Initial
(& onditmnsl & J’ Conditions
“—J s NASA
’] - Land

Information
System

— obs — PRFY3TESIR FREFY3TESTD

i i
00Z

e 24 26 48 80 72
CMAP precip SMOPS Scoil Moisture IMS snow cover AFWA SNODEP

Forecast Hour
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SMAP Soil Moisture

Initial land states Data Assimilation
,ﬁ’ﬁ ////( E— Sioux Falls, SD 00Z Aug 10 — 00Z Aug 17, 2015

O T2m_0
A T2m_CTL

ESA SMOS NASA SMAP

127 00Z 127 00Z 12Z 00Z 127 00Z 12Z 00Z 12Z 00Z 127 0Q0Z
a/16

a8/11 8/12 8/13 8/14 8/15 8/17

* Assimilating SMAP SM for a case (Aug 10, 2015) can
reduce some warm biase T2m forecast in the GFS;

* Impact of 2-meter specific humidity varies significantly
spatially.

SMOPS Blended Daily Soil Moisture

8/28/2018 STAR JPSS 2018 Annual Conference 7



Land Data Sets (NAM ~12/4/1 -km)

Vegetatlon Type Soil Type Max.-Snow Albedo
(1-km, IGBP-MODIS) (1-km, STATSGO-FAO) (1-km, UAz-MODIS)

Green Vegetatlon Fraction Snow-Free Albedo
(monthly, 1/8-deg, AVHRR) (monthly, 1-km, BU-MODIS)

e Most are fixed annual/monthly/weekly climatologies.

STAR JPSS 2018 Annual Conference 8



Land Conditions: Wildfire Effects

Wildfires affect weather/climate systems:

(1) atmospheric circulations

(2) aerosols and clouds

(3) land surface states (green vegetation fraction, albedo and

surface temperature etc.) --> impact on surface energy budget,
boundary-layer evolution, clouds & convection.

F‘\ .';._7 —

f’ % \\\,Bur dArea a\

Burned Area (NESDIS/STAR ): Near
Real time burned area product was

tested & used in operational NAM.

8/28/2018 STAR JPSS 2018 Annual Conference 9



LAl Reduced by the Easter Freeze of April 2007

01 April 2007

Temperature Departure from 1971-2000 Normal
°C A7 47 78 458 39 49 00 19 39 58 78 07

OF 210 475 40 05 70 A5 00 35 70 105 140 175 210

8/28/2018

® In March 2007,
unseasonably
warm weather
over the eastern
half of the US
prompted early
growth of many
crops.

In early April (4-
10), an Arctic cold
hit the same
region. Air
temperatures in
many locations
were well below
25°F.

The widespread
freeze extensively
damaged
agriculture in 18
states in the
region. Many
farmers lost about
90% or nearly all
of their crops.

It also caused

problems in NOAA

weather forecast.

LAI (from NDWI)

Latent Heat Flux (W m-2)

Courtesy: Tilden Veyers

Model ET
NAM

OBS_LH
OBS_LH-f
OBS_LH-res
NLDAS_LH
NDAS_LH
NAM_LH
NARR LH
GLDAS LH
GDAS LH

GF$_LH
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Near Realtime VIIRS GVF vs. AVHRR GVF Climatology
Annual Cycles of GVF over CONUS

GVF differences over CONUS in 2014 (VIIRS-AVHRR CLIMO)

VIIRS-CLIMO (20140113) VIIRS-CLIMO (20140416)

10 20

VIIRS-CLIMO (20140715)

STAR JPSS 2018 Annual Conference

Climatology GVF
green up earlier
Climatology GVF is
higher most of a
year

VIIRS GVF is higher
at high latitude in
January

VIIRS GVF is much
lower over the
entire USCONUS in
April

VIIRS GVF is higher
in southeast US in
July

VIIRS GVF is higher
over the eastern US

in October
11



Tests of the Near-Real Time GVF in NAM and GFS
GVF Tests in NMA 2014 GVF Tests in GFS 5/02-6/02, 2016

1:\———€9NUS— DPT SFC, CONUS East, 00Z Cyole, 20180502-20180602 Mesan T SFC, CONUS Easat, 00Z Cycle, 20180502 ~-20160602 Mean
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Summary

Real time, high spatial resolution, consistent remote sensing products
can improve NWP.

Consistency between all products, e.g. a "burned area product” also
reflected in green vegetation fraction (GVF), albedo, emissivity,
surface temperature, soil moisture, etc.

Consistent use between NCEP global and regional models (global and
regional FV3GFS).

Future: account for lakes, wetlands, water bodies.

Land data assimilation in LSM & UNLDAS will use NASA Land
Information System (LIS), i.e. snow, soil moisture, GVF (Noah-MP with
dynamic/growing vegetation).

Several satellite data sets developed recently (e.g., GVF, snow, albedo,
LST,) have been tested in the NCEP models. We will continue our
efforts, and work together with several research teams including
NESDIS to improve satellite data quality, utilization and data
assimilation, and then improve NCEP NWP.
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Thank you very much!
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