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Floods are the most frequent natural disasters around
the globe. With climate change, floods become more

and more frequent



In the U. S., floods caused
more loss of life and
property than other types of
severe weather events.



A new year “gift” of 2016 in the Midwest!

'It's going to get ugly': Midwest calls in
national guard as flood disaster unfolds

Sixteen states issue flood wamings as waters blamed for 22 deaths in Illinois,
while Missouri govemor expects record-breaking disaster

B Roads remained submerged in Missouri on Saturday after the Mississippi burst its banks. Photograph: David
Carson/AP

Floods have submerged towns, roads, casinos and shopping malls around the
south and midwest for more than three days, prompting governors in Illinois and
Iowa to call in the national guard.

Sixteen states issued flood warnings covering some eight million people. By
Saturday floodwaters had begun to subside in many areas, reopening several
important highways, after topping levees in the region late on Friday.

CBS/AP ~ January 1, 2016, 3:30 PM
[ | [ | | | | | [
Mississippi River tops levee
[ | [ | [ |
in southem lllinois
12 Comments | T 264 Shares | 5 Tweets / @ Stumble / @ Email More

Last Updated Jan 1, 2016 5:52 PM EST

Authorities in southern Illinois urged residents living behind a levee to move to
higher ground Friday after Mississippi River water topped it.

The Len Small levee in the far southwestern tip of
Ilinois protects the towns of Olive Branch,
Hodges Park, Unity and rural homes. All told,
about 500 people live behind the levee.

Alexander County Board Chairman Chalen Tatum
says the river is expected to rise another foot and :
half before cresting Sunday, so flooding is

Play wIDEO N h - dachat b
e e e e expected to get much worse. He issued what he

ﬂl:{)(ﬂ stage 12 called an emergency evacuation order Friday.

south of St. Louis The county is also urging residents in and near

East Cape Girardeau, [llinois, to evacuate. The
move is precautionary: A levee there is holding for now but a record crest is
predicted.




Background

With climate change, floods are predicted to be more frequent with
complex underlying conditions:

Most floods occur with vegetation/bare soil underlying conditions--supra-
veg/bare land floods.

Floods occur over snow/ice surface-- supra-snow/ice floods.

SNPP/VIIRS data show special advantages in flood detection.

3000km swath without gaps even at the equator and constant 375-m spatial
resolution across the scan in Imager bands

Multiple observations per day in high latitudes

Particularly excellent at snow-melt and ice-jam floods due to less contamination
from cloud cover than floods caused by intensive rainfall

Initialized by JPSS Proving Ground & Risk Reduction Program, flood
detection software has been developed to generate near real-time
flood products using SNPP/VIIRS imagery.



Reflectance
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open water surface has higher reflectance
in visible (VIS) (VIS) than in near-infrared
(NIR) and short-wave infrared (SWIR)

channels.
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Reflectance of clean water in SWIR channel

03y

is close to zero.

0.2y

Reflectance of water surface changes with
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suspending matter content:

400 600 800 1000 1200 1400 1600 1300

wavelength () clean<moderate turbid<turbid<severe
turbid.

Most flood water is a mixture of open water and other land types such as
vegetation, bare soils or snow/ice. Hence, reflectance of flood water is also

a combination of open water and its mixture. 7
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special flood type because

the bottom layer is still
covered with snow/ice.

The detection is based on its

spectral features:

Reflectance in visible and near-
infrared channels can be as high
as 70%.

NDVI varies from -0.6 to -0.03.
DNDVI, defined as the difference
between a pixel’s NDVI and the
average NDVI of the surrounding
snow/ice surface, is proven
effective to discriminate supra-
snow/ice water from shadows
over snow/ice surface and
snow/ice surface in melting status.
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Challenges & Solutions

NDWI MNDWI

Cloud shadow is the biggest challenge for

automatic near real-time flood detection

using optical satellite imagery. & — &
Cloud shadows share spectral similarity to .
flood water, and thus it is unable to be &, - R
removed based on spectral features. TERLARGE @;ﬁi
Geometry-based method provides a good e
solution but still suffers with uncertainty of 6’ . .
cloud height and cloud mask. " ?

. g

«vegetation ewater & bare land « cloud shadow

Solution: post cloud shadow removal from water pixels based on

geometry-based method (Li. et al., 2013).
Based on geometric relationship between cloud and cloud shadows over spherical
surface

An iteration method is applied to decrease uncertainty of cloud heights



Challenges & Solutions

Geometry-based method to
remove cloud shadows from

water pixels (Li. et al., 2013)
Based on geometric relationship
between cloud and cloud
shadows over spherical surface
An iteration method is applied
to decrease uncertainty of cloud
heights




Cloud Shadow Removal
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VIIRS false coIor comp05|ted image, May 30,  VIIRS flood map without cloud shadow
2013 at 22:48 (UTC) removal, May 30 2013 at 22: 48 (ute) |
In VIIRS false-color image (Top left), S e “ e, T

cloud shadows look very similar to .,
open water and they are easily

detected as flood water and further
retrieved in large water fractions (Top
right).

After cloud shadow removal, these

shadows are removed from VIIRS flood VIIRS flood map after cloud shadow removal,
map (Bottom right). May 30, 2013 at 22:48 (UTC)



Challenges & Solutions

Terrain shadow is the second biggest challenge for automatic

near real-time flood detection.

Unable to be removed based on spectral features because of
spectral similarity to flood water.

(a) (b)
200 T T T T

400

Solution: Object-based method to wf
remove terrain shadows from flood maps
(Li. et al., 2015). ’
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analysis:

Terrain shadows are formed in mountainous
areas with large surface roughness

Flood water accumulates in low-lying areas  ?..
with small surface roughness

Object-based instead of pixel-based.
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VIIRS false-color composited image, Nov. 15,
2014 at 21:02 (UTC)

Without terrain shadow removal,
most terrain shadows are
detected as flood water with large
water fractions (Top right).

After terrain shadow removal,
these terrain shadows are

removed from flood map (Bottom
right).
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Challenges & Solutions

Moderate spatial resolution of VIIRS imagery

Limited to detect minor floods

Requires flood water fraction retrieval for better representation of
flood extent than simple water/no water mask

Solution:
Application of change detection to detect minor floods.

Water fraction retrieval based on linear combination model:

Dynamic Nearest Neighboring Searching method for supra-veg/bare soil
flood water fractions by considering the mixing structure of sub-pixel land
portion (Li. et al., 2012)

Histogram method for supra-snow/ice flood water fraction retrieval because

of simple underlying conditions.



Algorithm Flow

Projected
VIIRS h5
data

Flood
detection
dataset

AWIPS-]I
format, pne,
kml, kmz

VIIRS Cloud
mask

YIRS snow/ice
mask and
detection

Decision
trees

Cloud cover

Snow/ice cover

Geometry model
and iteration
method

Surface roughness
analysis

Change
detection

Dynamic nearest
neighboring
searching method

MODIS global water
mask (MOD44W)

Shadows

Supra-snow/ice

flood
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ON HOME  ABOUT  ARCHIVE  NEWS  SITES  CONTACT
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FLOOD CASE ARCHIVE i - Inte rfa Ce tO brOWSe

e p——— JE R - near-real-time flood

[L\s..am.s.ud'"ll:..fslll Caseld prOductS for the five
= : ' : river forecast centers:

Y- - http://rs.gmu.edu/sit
TR es.html

The software is routinely running at SSEC and GINA, which have
access to direct broadcast SNPP/VIIRS data, to generate near-real-
time flood maps for five River Forecast Centers (RFCs) in USA.

VIIRS near real-time flood products can be accessed for these five RFCs
in Real Earth and AWIPS-II.
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Evaluation & Applications

Steady performance from Visual Inspection: The algorithms
have been tested with more than 10,000 VIIRS granules
covering North America, Asia, Europe and Africa year around.

Each flood map was visually inspected with the corresponding
VIIRS false-color image.

Visual inspection shows steady performance of the algorithms.

Consistent to river gauge observations: Detect most floods
including some minor floods under clear-sky conditions.

Positive response from river forecasters: The product has
received quite positive responses from river forecasters after
2-year demonstration in five river forecast centers in USA since
2014.



SNPP/VIIRS False—celor Image 20150519 21:35(UTC) SNPP/VIRS Flood Detection Map 20150519 21:35(UTC)

[ snow B Shadow
Cloud [l Overflow

" lce | Normal Water -

Flooding Water Fraction (%) ¥

e
Application: Near real-time flood extent monitoring.

v Coverage: any regions between 80° Sand 80° N.

v’ Spatial resolution: 375-m

v’ Flood types: supra-veg/bare soil flood and supra-snow/ice flood.

v Flood maps: In a flood map, there are cloud, snow, River/lake ice, shadow (cloud shadow
and terrain shades), supra-snow/ice flood cover, normal open water and flooding water
fractions of supra-veg/bare soil floods.

18



20150610 19:33(UTC) June 10, 2015 5

A major flood
occurred along
lllinois River and
Mississippi River

since June 10, 2015. VIIRS enhanced 30-m flood maps along lllinois River

Application: Near real-time
o L flood extent monitoring.

Flooding Water Fraction (%)
CEN "

VIIRS 375-m flood m'aps along lllinois River
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iver gauge map on Jan. 03, 2016

Application: Provide a good
supplementary resource to

river gauge observations.

v’ Provide spatial flood extent not only
showing flood locations but also
showing what floods look like.

SNPPNIIRS Flood Detection Map January 03 2016 18:03 & 19:50 (UTC)
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Comparing with flood warning product 21

Comparing with flood outlook product




Enhanced from 375m to 30m |

 The inundation mechanism can be expressed
as:

A= f max_hf(h)dh

min_h
Where, A is the total water area between the
minimal surface elevation min_h and maximal
inundated surface elevation max_h, and f(h) is the

increment of water area with the change of water
surface elevation h.
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VIIRS enhanced.30:m flood map on
Shburn JUIy 10’ A,

VIIRS false-

color

image (top)

and flood

map

(bottom) :
on July 10, %4 breach
2014 '

Pike Grain Levee

Legend
[ snow Ice Il Normal Water
Cloud B Cloud shadow
Flooding Water Fraction (%)
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Application: Levee monitoring and management.

v’ Provide dynamic flood information around levees, which could assist river forecasters to

investigate flood status and risks of levees.

v" Downscaled flood maps based on flood extent products provide more details of levees
23

such as breach, flooding water volume.



SNPP/VIIRS Flood Detection Map 20150516 22:30(UTC)
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Application: Snow-melt and ice-jam flood prediction and monitoring.

v’ Less affected by cloud cover, VIIRS data show great advantage in snow-melt and ice-jam
flood prediction and detection, and dynamic monitoring provides RFCs with useful
information on river status for forecasting.



Application: Long-term flood maps may reflect regional
climate change.

._ [ ] Snow Il Shadow
Cloud lll Normal Water

e Ficng e reveten ooper Lake

VIIRS flood detection

VIIRS false-colorimage on  y|gs false-color image on June map on June 05, 2014
JuIy 04, 2013 05, 2014

Cooper Lake was dry in Water was found in dry

2013. Cooper Lake in 2014.

» Discover new water bodies from hydraulic projects or status

change of dry lakes.

 May disclose some regional short-term climate change fact.



VIIRS flood maps and climate

change.
AlaskaDispatch News =
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2014 was warmest year on record for much of Alaska

Brian Brettschneider | Janvary 5, 2015
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Landsat—i on Mar. 12, 2015:
Lake Morgan was still frozen.

Cloud [l Normal open water
+ [ ice M Supra-snowlice water

VIIRS false-color image on VIIRS flood map on Apr|I
April 13, 2015 13, 2015

© Indicate melting status of lake ice during
break-up seasons, which provides important

information to river forecasters and general

Landsat 8 images on Apr|I 13, 2015: public.
Lake Morgan was in melting status.
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Discussions

Cloud cover is the biggest limitation for flood detection

using VIIRS imagery, which prevents continuous detection
on flood water and causes latency to detect flood water
from intensive rainfall.
The contradiction is: no clouds, no rainfall, and then no floods.
Solution: microwave (ATMS) (Sun et al., 2015)

Latency may prevent the product from flood prediction, but is

still okay for flood extent investigation and loss assessment.

Multi-day composition from near real-time flood maps can
obtain maximal flood extent during a flood event, and thus

reduce the impact from cloud cover.

28
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We have solved the critical issues, like cloud shadow and terrain

shade problems, and made near real time flood products become

possible.

The high temporal and wide coverage of environmental satellites,
including meteorological satellites like NPP/JPSS, made them
attractive for disaster monitoring and detection, but their course
spatial resolution may limit their wide applications. We developed
downscale model and enhanced the capability of these moderate-

to-course resolution sensors.

Meanwhile, our model made 3-D flood products including flood
water surface level, flood water depth, high resolution flood maps

become possible.
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Future plans

Improvement of current flood product

Improve cloud shadow removal algorithm to remove residual

cloud shadows mostly cast by cirrus clouds.

Improve water fraction retrieval for flood water fraction
retrieval over complex conditions such as sun glint and thin

cirrus clouds.

Development of 3-D flood parameters: flood water surface

level, flood water depth, high resolution flood maps

More applications of flood products:

Loss assessment

Further analysis on regional flood patterns
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Thanks!?

We thank the JPSS program office, without their
great efforts and support, we could not make this
work become possible! We also want to thank the
CIMSS/SSEC and GINA, our users and collaborators
at the river forecast centers, without their
collaborations and helps, this VIIRS flood product
could not happen.

Questions ?
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