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1 INTRODUCTION

With the support from the JPSS (Joint Polar Satellite System) Proving Ground and
Risk Reduction (PGRR) Program, the global 375-m flood products in near real-time,
daily composition, and 5-day composition have been developed to derive flood extent
represented in water fractions from VIIRS (Visible Infrared Imaging Radiometer Suite)
imagery on-boarding Suomi-NPP, NOAA-20 and NOAA-21. Although VIIRS imagery
provide excellent data sources for flood mapping, the polar-orbit satellites only have one
to two observations in mid-to-low latitudes, and thus they can be easily affected by cloud
and cloud shadows, resulting in latency and discontinuity on flood detection.

Later, under the support from GOES-R program, the ABI (Advanced Baseline
Imager) imagery, which are available every 5 minutes in the CONUS and every 10
minutes in the full disk and provide flood detection with timely manner that no other
satellites can reach, have been integrated in the flood mapping software to generate ABI
1-km flood products from GOES-16&17&18&19. The ABI flood maps successfully
capture the maximal clear-sky coverage during daytime. However, the 1-km coarse
resolution near nadir is a limit for the ABI flood products to show inundation detail,
especially in mid-to-high latitudes.

Considering VIIRS and ABI flood products have their own advantages in flood
mapping, if the two products can be merged together, then a new blended VIIRS/ABI
flood product could be derived, which has VIIRS’s fine resolution and ABI’s maximal
clear-sky coverage and thus shows the best result for flood mapping.

This Algorithm Theoretical Basis Document (ATBD) describes in detail the
procedures for developing blended VIIRS/ABI flood mapping algorithms. It includes a
description of the requirements and specifications of the blended VIIRS/ABI flood
product and some specific information that is relevant to the derivation of the blended
product. The main part of the ATBD is a description of the science of the blended
VIIRS/ABI flood-mapping algorithm, followed by the assumptions and limitations of the
algorithm and products in flood mapping.

11 Product Overview

1.1.1 Product Description

The blended VIIRS/ABI flood product, referred as BFM (blended flood mapping), is
a level-3 flood product based on the level-2 VIIRS and ABI flood products. The product
is to fuse the two flood products with different spatial resolution into one product at a fine
resolution. The Algorithm Theoretical Basis Document for VFM and AFM is referred in
the document (link:
https://www.star.nesdis.noaa.gov/jpss/documents/ATBD/ATBD VIIRS Flood Mapping
_v1.0.pdf). The BFM is a new product, which means there are no existing operational
algorithms or products to inherit from the previous satellite missions or programs.

The blended VIIRS/ABI flood products include a blended VIIRS/ABI flood product
using a nearest neighboring interpolation method and a blended VIIRS/ABI flood product
using a simplified downscaling method. Both the two products are with the same spatial
coverage to AFM. Table 1-1 lists the two products produced in the operational system.

Table 1-1 Blended VIIRS/ABI flood products produced in the operational system
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Spatial Geosraphic Tempora
Product name resolutio grap 1 Description
Coverage
n Coverage
Blended . Daily
VIIRS/ABI flood American VIIRS and ABI flood
. mainland
product using - products are merged
and islands )
nearest 375 m b using nearest
. . etween ) .
neighboring o neighboring
. . 50.5°S and . .
interpolation . interpolation method
50.5°N
method
Blended American
VIIRS/ABI flood mainland VIIRS and ABI flood
product using 375 and islands products are merged
simplified m between using a simplified
downscaling 50.5°S and downscaling method
method 50.5°N

1.1.2 Product Requirements
The requirements of blended VIIRS/ABI flood products are listed in Table 1-2.
Table 1-2 Requirements of blended VIIRS/ABI flood products

Product name Formats Latency Measurement Product
range accuracy
Blended 1 hours after 80% under
VIIRS/ABI flood P uVIIRS -~ clear-sky
product using 4 . Water conditions
; . netCDF4 ABI composites .
nearest neighboring become fraction=25%
interpolation available
method
Water 80% under
gllflzﬁdse/iBI flood 1 hours after fraction=25% | clear-sky
roduct usin netCDF4, daily VIIRS and conditions
Is) im llli ﬁe:ld & geotiff and | ABI composites
p . shapefile become
downscaling available
method

2 ALGORITHM DESCRIPTION

A comprehensive description of the blended VIIRS/ABI flood mapping algorithm
and data flow is presented in this section.




2.1 Processing Outline

The major procedures of the blended VIIRS/ABI flood mapping system include
blending process in two different methods: nearest neighboring interpolation method and
a simplified downscaling method, and image display. Fig. 2-1 shows the system
architecture and data flow. In Fig. 2-1, the VIIRS and ABI daily composited datasets are
ingested in the system and then applied with the nearest neighboring interpolation method
and the simplified downscaling method, respectively to derive blended flood maps. The
image display module converts the blended results in netCDF4 outputs to raster images in
geotiff and png formats and vector data in shapefile format.

Joint VIIRS/ABI Flood Mapping System

Level-3 process

P e e o o o o o e e - - T = |
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Fig. 2-1 Flowchart of the blended VIIRS/ABI flood mapping system

Blending with the nearest neighboring interpolation method is a very simple and
straightforward process. It takes the VIIRS results as the base map, and uses the clear-sky
detection results from ABI flood maps to fill the gaps of clouds and cloud shadows in the
VIIRS flood maps through nearest neighboring interpolation. The method does not really
change the resolution of ABI flood detection results, but just simply overlaps the ABI
results on VIIRS flood maps.

In comparison, the simplified downscaling method is more complex. Similarly, it
uses the VIIRS flood maps as the base maps, and the cloud and cloud shadow pixels are
replaced either with ABI results directly if they are non-flooded clear-sky pixels in the
ABI flood maps, and/or with ABI flood pixels through a downscaling-upscaling process
if they are flood pixels in ABI results. The downscaling-upscaling process is a process
that downscales the ABI 1-km floodwater fractions into 30-m flood extent with high-
resolution DEM data and then up-scales the 30-m flood extent into 375-m floodwater
fractions.
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Fig. 2-2 presents the process flow of the blended VIIRS/ABI flood mapping
algorithm. Details of the algorithm are demonstrated in section 2.3.
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Fig. 2-2 Flow chart of the blended VIIRS/ABI flood mapping algorithm

2.2 Algorithm Input

The input data of the blended VIIRS/ABI flood detection algorithm include:

* VIIRS daily composited flood detection dataset;

* ABI daily composited flood detection dataset;

 Static ancillary datasets: 30-m Copernicus Digital Surface Model (CDSM) data,
30-m merged SWBD and MLCD data (water mask and tree cover), 375-m water

mask, 1-km river line data, 1-km river/lake water level data, 1-km HUC level-8 data
and HUC level-10 data.

Table 2-1 lists all the input datasets used in BFM.
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Input File

VIIRS daily
composites

ABI daily
composites

30-m
CDSM data

30-m water
mask and
tree cover
data

1-km river
line data

1-km
river/lake
water level
data

1-km HUC
level-08
data

1-km HUC
level-10
data

Table 2-1 Specifications of BFM input data

Spatial
Resolutio
n

375m

375m

30m

30m

1 km

1 km

1 km

1 km

Name Pattern

e.g. VIIRS-Flood-1day-
GLB023 vIr0 blend s2017
08311838380 2017083120
25190 ¢202206170717217.n
c

e.g. ABI-Flood-DCOM-
AOIO03 vIr0 gl6 s201708
311500343 €201708312256
108 ¢202307252105028.nc

e.g.
Copernicus DSM_COG 10
_N40 00 W096 00 DEM _
30m.raw

e.g.
swbd_treecover2010 40N 0
90W_25m.raw

e.g.
ABI 1km Hydro River na
ca sa 10314 11564.raw

e.g.
ABI 1km Hydro riverlake
waterlevel na ca sa 10314

11564 CDSM.raw

e.g.
ABI 1km Hydro HUC04 n
a ca sa 10314 11564.raw

e.g.
ABI 1km Hydro HUC10 n
a ca sa 10314 11564.raw
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Content

VIIRS daily
composited
flood detection
results

ABI daily
composited
flood detection
results

Copernicus
Digital Surface
Model

Merged SWBD
and MLCD data

River lines

River/lake
water levels

Hydrologic
Unit Code
Level-08 data

Hydrologic
Unit Code
Level-10 data

Format

netCDF

netCDF

raw

raw

raw

raw

raw

raw



2.3 Theoretical Description

2.3.1 Physical Description

The nearest neighboring interpolation method is a very simple method. The method
firstly spatially matches the ABI flood maps with the VIIRS flood maps, and then takes the
VIIRS flood maps as base maps, and any floodwater pixels in the VIIRS flood map are
used as floodwater pixels in the blended flood maps. For cloud/cloud shadow pixels in the
VIIRS flood maps, if they are with floodwater or clear-sky dry land in the ABI flood maps,
then these pixels are assigned with ABI flooding water fractions or clear-sky dry land in
the blended flood map.

The physical basis of the simplified downscaling process method is based on water’s
self-leveling nature. In natural topography, water always accumulates from lower levels to
higher levels in elevations and flows from higher elevations to lower elevations
connectively. Under certain topographic conditions with topography slopes between 0°and
90°, certain relationship exists between water surface level and water area. This relationship
can be used to estimate water surface levels from satellite-based areal flood extent. Because
the retrieved floodwater fractions in the VIIRS and ABI flood maps indicate open water
areas in VIIRS 375-m pixels or ABI 1-km pixels, they can be used to estimate water surface
levels with high-resolution DEM data. The key to estimate water surface levels from VIIRS
and ABI flood maps is to make VIIRS and ABI retrieved water areas equal to the
corresponding water areas derived from DEM, which is called DEM-based water area, by
iterating surface elevations from the lowest point to the highest point. With this conception,
the inundation mechanism between VIIRS or ABI water area and DEM-based water area
can be expressed in Equation (1):

= [ f(hydh (1)

m

Here, A is the total water area or water fraction retrieved from VIIRS or ABI, f(h) is
the increment of water area between the minimal surface elevation min_h derived from
DEM and maximal inundated surface elevation max_h.

The inundation mechanism expressed in Equation (1) is called a simplified
downscaling mechanism because it ignores the impact from tree cover or urban
constructions. A simplified downscaling method is applied for deriving blended
VIIRS/ABI flood product because the final spatial resolution of the product is 375m instead
of 30m, and uncertainties from tree cover and urban constructions may not change much
on the quality of the results.

2.3.2 Mathematical Description

2.3.2.1 Description of nearest neighboring interpolation

The nearest neighboring interpolation method is applied to keep the original
information from the VIIRS and ABI flood maps. This method does not change the
resolution of ABI flood maps, but directly use the original ABI clear-sky detection results
to fill the gap of cloud and cloud shadow in the VIIRS flood maps.

In the blended VIIR/ABI flood dataset, if a pixel is in clear-sky condition (dryland,
snow/ice or floodwater) in the corresponding VIIRS daily composited flood map, then it is
assigned with the clear-sky detection result from the VIIRS flood map. If a pixel is detected
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as cloud or cloud shadow in the VIIRS flood map, but is in clear-sky condition in the ABI
daily composited flood map, and then it is assigned with the clear-sky detection result from
the ABI flood map. If it is also detected as cloud or cloud shadow in the ABI flood map,
then it is assigned with cloud or cloud shadow in the blended dataset.

Fig. 2-3 presents a blended VIIRS/ABI flood map using nearest neighboring
interpolation method on Aug. 18, 2018. In Fig. 2-3, because the spatial resolution of ABI
floodwater is not changed, they show much coarser floodwater boundaries in the blended
flood map than floodwater from VIIRS.

)

Snow [l Shadow i No data

Cloud lll Normal open water
1 ice M Supra-snowlice water
1 Land Floodwater fraction (%,

o A ~ . N 1 20 40 60 80 100

B : » : i p | ) 3 ‘\ " . -«
S 4 . A . o -
VIR B
bt N
. N\ : -

Fig. 2-3 An example of blended VIIRS/ABI flood map using nearest neighboring
interpolation method on Aug. 18, 2018

2.3.2.2 Description of the simplified downscaling process

The simplified downscaling process is used to downscale the ABI 1-km floodwater
fractions to 30-m flood extent by using 30-m CDSM data and other ancillary datasets. It
includes pixel water level calculation, polygon water level estimate and downscaling.

2.3.2.2.1 Pixel Water Level Calculation

For each ABI floodwater pixel, water surface level can be coarsely estimated using
Equation (1). First, the ABI flood maps are spatially matched with CDSM data. The ABI
floodwater fractions can be used to compare with the total percentages of the inundated
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cells in the CDSM. To derive DEM-based water percentage, the cell with the minimal
surface elevation among all the cells corresponding to an ABI pixel is used as the starting
cell to cluster the cells adjacent to each other by iterating surface elevation. Floods
generally occur along rivers or lakes due to higher-than-normal river/lake levels, so starting
cells are generally located over rivers or lakes. The SWBD dataset is used to help determine
any existent river/lake cells within the ABI pixel. When the DEM-based water percentage
is equal to ABI water fraction, the iteration is terminated and the final surface elevation is
taken as the pixel water level.

2.3.2.2.2 Polygon Water Level Calculation

The pixel water level described in Section 2.3.2.2.1 is a rough estimate because of the
uncertainties existing in the ABI water fraction retrieval and the coarse vertical resolution
of CDSM. According to water’s fluid features, in natural topography, if surface elevations
are similar, water surface levels are similar. That means for neighboring water pixels, if
they have similar surface elevations, their water levels should be similar. Based on this
conception, neighboring water pixels with similar surface elevations can be clustered into
a single water polygon and all the water pixels within this polygon should have the same
water level. In this way, the uncertainties in the pixel water levels can be reduced.

To cluster neighboring water pixels with similar surface elevations into water
polygons, river drainage, watershed and river distance datasets are used. Water pixels in
the same watershed along a river are clustered into one water polygon, which is further
divided into many small water polygons using river distance dataset. For a water polygon,
water levels of all the floodwater pixels are used to determine the polygon water level.
Water fraction difference at different water levels obtained from all the floodwater pixels
in a water polygon are calculated, and the water level that causes the least water fraction
difference is used as the polygon water level.

2.3.2.2.3 Downscaling with CDSM

With the derived polygon water levels, ABI flood maps can be downscaled into 30-m
flood maps with the 30-m CDSM data. The downscaling process is done pixel-by-pixel.
For an ABI 1-km floodwater pixel, the corresponding cells in the CDSM data are searched
for a spatial match. The cell with the lowest surface elevation over river/lake surface is
taken as the starting cell. A recursion method is applied using the N4(P) adjacency rule
(only considering 2 horizontal and 2 vertical neighbors) to search the neighboring cells
with surface elevations less than polygon water level (Li et al., 2013). The searched cells
are assigned as floodwater cells.

Because most pixels with water fractions less than 30% are not detected in ABI flood
maps, the derived 30-m flood extent from the downscaling process sometimes shows
discontinuous floodwater distribution (Li et al., 2017). To avoid such situation, the
downscaling process is also applied to the neighboring non-flood pixels using the same
N4(P) adjacency rule. The surface elevations of the determined floodwater cells in the
CDSM are used to compare with the cells adjacent to them. If cells within the neighboring
non-floodwater pixels have lower elevations than the floodwater cells, they are determined
as the floodwater cells.

In this way, the ABI 1-km flood maps can be downscaled into 30-m flood extent maps

14



2.3.2.3 Upscaling process

With the downscaled 30-m flood extent from ABI 1-km floodwater fractions, an
upscaling process can be done to derive floodwater fractions at any spatial resolution
coarser than 30m. For the blended VIIRS/ABI flood product, the chosen resolution is 375m
to match with VIIRS’s spatial resolution.

Similar to the nearest neighboring interpolation method, clear-sky pixels in the VIIRS
flood maps are directly used in the blended VIIR/ABI flood dataset. For those cloud or
cloud-shadow pixels in the VIIRS flood maps, if they are with floodwater pixels in the ABI
flood maps, then these pixels are through a downscaling-upscaling process to derive 375-
m floodwater fractions, and are then assigned to the blended VIIRS/ABI floodwater
dataset.

Fig. 2-4 presents two blended VIIRS/ABI flood maps using nearest neighboring
interpolation method (left) and using the simplified downscaling method on Aug. 30, 2017
in the West Gulfregion of USA. In Fig. 2-4, the circled region shows a piece of floodwater
from ABI flood map with different methods. In Fig. 2-4 (left), the circled floodwater is
from nearest neighboring interpolation method, and In Fig. 2-4 (right), the circled
floodwater is from the simplified downscaling method. Comparing to Fig. 2-4 (left), the
circled water in Fig. 2-4 (right) is with much better resolution and clearer floodwater
boundaries.

Snow [l Shadow il No data Snow [l Shadow [l No data
Cloud [l Normal open water Cloud [lll Normal open water
ice @ Supra-snowiice water ice @ Supra-snowiice water
Land Floodwater fraction (%) Land Floodwater fraction (%)

1 20 40 60 80 100] 1 20 40 60 80 100

Fig. 2-4 Examples of blended VIIRS/ABI flood maps with different methods (left: from
nearest neighboring interpolation method, right: from the simplified downscaling
method)

2.4 Algorithm Output
The BFM algorithm outputs include:
* Blended VIIRS/ABI flood dataset using nearest neighboring interpolation method
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* Blended VIIRS/ABI flood dataset using simplified downscaling process method

*  Quality flag of the blended VIIRS/ABI flood dataset

The geographic coverage of the blended VIIRS/ABI flood product is the same with
the ABI flood product (Fig. 2-5). The formats include netCDF, geotiff and shapefile.
Ultimately, there are eight pixel types in the final blended VIIRS/ABI flood maps: cloud,
snow cover, river/lake ice cover, shadows (including cloud shadows and terrain shadows),
clear-sky land (including vegetation and bare soil), normal open water, supra-snow/ice
water (including mixed water&ice and melting ice surface), and supra-veg/bare soil
flooding water fractions. Data quality inherits the quality flags of the daily composites of
VIIRS and ABI consequently. Table 2-2 lists the definition of the VIIRS output floodwater

dataset, and the quality flags are shown in Table 2-3.
Table 2-2 Definition of types of WaterDetection dataset in the output BFM netCDF file

Value Definition
1 Fill value: bad data, solar eclipse, data with solar zenith angles out of
processing range
15 Open water without water fraction retrieval
16 Clear-sky bare land
17 Clear-sky vegetation
20 Snow cover
27 River/lake ice cover
30 Cloud cover
38 Supra-snow/ice water, mixed ice&water, or ice in melting status
50 Shadow: cloud shadow and terrain shadow
100 Open normal water: river, lake, reservoir, ocean

101~200 Water fractions of supra-vegetation bare land floodwater

Table 2-3 Definition of QualityFlag dataset in the output BFM netCDF file

Value Definition

0 High-quality detection

1 Moderate-quality detection
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2 Low-quality detection

255 Fillvalue

Joint VIIRS/ABI Coverage in 30 AOIs
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Fig. 2-5 Geographic coverage of blended VIIRS/ABI flood product
2.5 Performance Estimates

2.5.1 Test Data Description

One-day VIIRS and ABI daily composited datasets on Aug. 30, 2017 are chosen as
the test data.

For VIIRS daily composites, there are altogether 30 AOIs covering the geographic
range of the blended VIIRS/ABI flood product (Fig. 2-5).

For example, VIIRS daily composited data in AOI 23 on Aug. 30, 2017 is used as the
VIIRS test data:

VIIRS-Flood-1day-
GLB023 vIr0 blend s201708301857340 ¢201708302044120 ¢202206170715445.nc
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There are four domains of ABI daily composited product:
ABI-Flood-DCOM-

AOIO001 vIr0 gl16 s201708301500360 e201708302256124 ¢202307252102023.nc
ABI-Flood-DCOM-

AOI002 vIr0 gl6 s201708301500360 e201708302256124 ¢202307252104003.nc
ABI-Flood-DCOM-

AOI003 vIr0 gl6 s201708301500360 e201708302256124 ¢202307252105010.nc
ABI-Flood-DCOM-

AOI004 vIr0 gl6 s201708301500360 e201708302226124 ¢202307252106004.nc
With the test data, lended VIIRS ABI Flood Version0l module ingests all the

required data, and outputs the blended VIIRS/ABI flood file in netCDF format:
VIIRS-ABI-Flood-

GLB023 vIr0 blend s201708301857340 ¢201708302044120 ¢202307311920448.nc
With the Image Display module developed in GDAL, the netCDF file is converted

into geotiff, png and shapefile formats:
VIIRS-ABI-Flood-

GLB023 vIr0 blend s201708301857340 ¢201708302044120 ¢202307311920448.tif
VIIRS-ABI-Flood-

GLB023 vIr0 blend s201708301857340 e201708302044120 ¢202307311920448.png
VIIRS-ABI-Flood-

GLB023 vIr0 blend s201708301857340 ¢201708302044120 ¢202307311920448.shap

efile.zip
More detail will be provided in “System Maintenance Manual”.
Fig. 2-6 shows result of the output file in AOI 23 on Aug. 30, 2017
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Fig. 2-6 Blended VIIRS/ABI flood map of the test result on Aug. 30,2017 in AOI 23

2.5.2 Sensor Effects

The blended VIIRS/ABI flood product is a level-3 product based on VIIRS and ABI
daily composited flood products. The sensor effects inherit from VIIRS and ABI daily
composited flood products.

2.5.3 Retrieval Errors

The retrieval errors also inherit from VIIRS and ABI daily composited flood products.

The retrieval errors of the dataset using nearest neighboring interpolation are
completely VIIRS and ABI daily composited flood products.

For the dataset using the simplified downscaling method, besides the inherited
retrieval errors from VIIRS and ABI daily composited products, the downscaling process
of the ABI floodwater fractions can cause uncertainties on the results, which are reflected
in the following aspects:
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Firstly, water polygon clustering may cause uncertainties by counting in some
floodwater pixels that belong to other water polygons. Therefore, in one water polygon,
some water pixels may get underestimated or overestimated water levels, resulting in
inaccurate flood extent.

Secondly, polygon water levels are determined with the water level that causes the
least water fraction difference. The uncertainties of ABI retrieved water fractions may
cause uncertainties of polygon water levels.

Thirdly, the method is a simplified downscaling method to save computing resources,
which ignores the impact from tree cover and urban constructions. The estimated water
levels may not be accurate enough and then decrease the quality of the downscaled flood
extent from ABI floodwater fractions.

Finally, the polygon water levels are not corrected through river network analysis and
adjacent dryland flow test, which may cause uncertainties to the downscaled flood extent.

2.6 Practical Considerations

2.6.1 Numerical Computation Considerations

The downscaling process on ABI 1-km flood maps could take a long time if
widespread flood occurs. To save computing resources, the BFM algorithm uses a
simplified downscaling method, which could finish one AOI rapidly. Additionally, only
those ABI floodwater pixels that are cloud or cloud shadows in the VIIRS flood maps are
downscaled. The process on each AOI is independently, which means multiple jobs could
be submitted simultaneously.

2.6.2 Programming and Procedural Considerations

The blended VIIRS/ABI flood product uses daily composited flood products from
VIIRS and ABI. The process starts when the two products become available. Thus, it is
generally available before next morning, which guarantees enough time for process.

2.6.3 Quality Assessment and Diagnostics

The quality flags of the blended VIIRS/ABI flood product completely inherit from
VIIRS and ABI’s quality flag datasets, depending on which dataset a pixel uses. Thus, the
definition of the quality flags is the same with VFM and AFM products.

2.6.4 Exception Handling

There are altogether 32 error types defined to handle processing exceptions such as
memory check, file access status check, file name check, file I-O success check and so on.

As long as VFM and AFM are available, the blended VIIRS/ABI flood product can be
output unless there are errors from memory or disk failures.
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2.7 Validation

Because VIIRS flood product is fully validated, validation on blended VIIRS/ABI
flood product is done by comparing the downscaled ABI 375-m flood maps with VIIRS
375-m flood maps, as well as comparing with ABI 1-km flood maps to see whether the
results have been improved.

Because VIIRS flood product does not show floodwater pixels with floodwater
fractions less than 30%, floodwater pixels with water fractions less than 30% in the ABI
downscaled 375-m flood maps and ABI 1-km flood maps are excluded. Thus, the
comparison is done only on those floodwater pixels with floodwater fractions above 30%.

2.7.1 Visual inspection

The ABI downscaled 375-m flood maps are compared with ABI 1-km flood maps and
VIIRS 375-m flood maps through visual inspection to confirm that the spatial distribution
patterns are consistent to one and another.

Fig. 2-7 and Fig. 2-8 are two comparison examples. In Fig. 2-7, the ABI downscaled
375-m flood map (Fig. 2-7 left) shows consistent floodwater boundaries with VIIRS 375-
m flood map (Fig. 2-7 right). Comparing to the original ABI 1-km flood map (Fig. 2-7
mid), most floodwater pixels with water fractions from 30% to 60% in the ABI 1-km flood
map disappear in the ABI downscaled 375-m flood map due to the enhancement of spatial
resolution. The distribution of floodwater fractions in the ABI downscaled 375-m flood
map are much closer to that in the VIIRS 375-m flood map.

Fig. 2-8 presents similar results to Fig. 2-7. In Fig. 2-8, the ABI downscaled 375-m
flood map (upper right) shows more consistent spatial distribution of floodwater fractions
to VIIRS 375-m flood map (bottom right) than ABI 1-km flood map (left).

.....

Snow [l Shadow [l No data

Fig. 2-7 ABI downscaled 375-m flood map (left) comparing with ABI 1-km flood map
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(mid) and VIIRS 375-m flood map (right) on Mar. 21, 2019 along the Missouri River

Fig. 2-8 ABI downscaled 375-m flood map (top right) comparing with ABI 1-km flood
map (left) and VIIRS 375-m flood map (bottom right) on Mar. 16, 2019 along the
Mississippi River

2.7.2 Quantitative comparison

The ABI downscaled 375-m flood maps are also compared with original ABI 1-km
flood maps and VIIRS 375-m flood maps in a quantitative way. Number of pixels that are

typed as flood in ABI flood maps but are detected as dryland in VIIRS flood maps (N1),
number of pixels that are typed as dryland in ABI flood maps but are detected as flood in
VIIRS flood maps (Nz2), and the total flood pixels in ABI and VIIRS flood maps (N¢) are
estimated. The absolute average water-fraction difference between ABI and VIIRS
(ID_WFEF]) is calculated to compare the change of water fraction from the downscaling

process. Based on N1, N2 and N, two percentages P1 which is defined as 11\\11_1 X 100% and

P2 which is defined as I;—i X 100% are also calculated.

Table 2-4 lists the quantitative comparison results against VIIRS flood maps between
ABI downscaled 375-m flood maps and original ABI 1-km flood maps. In Table 2-4,
altogether five regions are chosen for the comparison, which includes the 2017’s Texas
flood from hurricane Harvey, the 2019°s Missouri River flood, the 2019’s Mississippi river
flood and the 2023’s Red river flood.
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From Table 2-4, the ABI downscaled 375-m flood maps have much improved results
than the original ABI 1-km flood maps. The absolute average water-fraction difference
between ABI and VIIRS is decreased, which means the downscaled ABI 375-m flood maps
have much closer water fractions with VIIRS results. This is reasonable because the ABI
downscaled flood maps have much better spatial resolution than the original ABI flood
maps. The two percentages, which reflect water detection accuracy, also show improved
quality from the downscaled ABI flood maps comparing to the ABI 1-km flood maps.
Flood pixels in 1-km ABI flood maps are decreased 5% to 25% in the downscaled ABI
flood maps due to the resolution enhancement.

Table 2-4 Quantitative comparison against VIIRS flood maps between ABI downscaled
375-m flood maps and original ABI 1-km flood maps

Regio | Resolutio N N [D_WF N, Pi(% | P2%
n n | ) )
! ABI_1km 7297 16461 11 82938 9 20
ABI_375m 4543 17783 10 82938 5 21
5 ABI_1km 18983 8769 20 75559 25 12
ABI 375m 10419 10723 14 75559 14 14
ABI_1km 21137 2112 24 49842 42 4
3 ABI 375m 10888 2848 20 49842 22 6
4 ABI_1km 6379 299 18 22014 29 1
ABI 375m 3258 310 14 22014 15 1
5 ABI_1km 12201 7536 34 23721 51 32
ABI 375m 3375 1258 12 23721 14 5

From the validation results, the ABI downscaled 375-m flood product is more
consistent to the VIIRS flood product than the original ABI 1-km flood product. That
means the blended VIIRS/ABI flood product with the simplified downscaling method is
with better quality than that with the nearest neighboring interpolation method, and thus is
used as the major flood detection dataset of the blended VIIRS/ABI flood product.

3 ASSUMPTIONS AND LIMITATIONS

The blended VIIRS/ABI flood product is based on the VIIRS and ABI daily
composited flood product. It inherits the uncertainties from VFM and AFM products, and
thus it inherits the assumptions and limitations from the two products. In addition, it has its
own assumptions and limitations from the downscaling process.

The downscaling process assumes in each water polygon, water level is the same
everywhere. However, when clustering floodwater pixels to water polygons, some
floodwater pixels that have different water level may be counted in, which brings about
uncertainties to the polygon water level estimation, and further affect the results from the
downscaling process.

The downscaling process is a simplified process and does not consider the impact from
tree cover and urban constructions. The polygon water levels are not corrected with river
network analysis and dryland pixels around, which may decrease the accuracy of the
downscaled results.
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Other limitations are from CDSM data, which measures elevations of treetops, instead
of bare ground. These may pose some impact on the downscaled results especially over
regions with tree cover or urban constructions.

3.1 Performance Assumptions

The blended VIIRS/ABI flood product inherits the assumptions and limitations from
ABI and VIIRS daily composited flood products. Unless the two products become
available, the product is not processed.

The product is with the same geographic coverage with ABI flood product. It is based
on VIIRS AOIs, and uses ABI clear-sky coverage to fill the gaps of cloud and cloud
shadows in the VFM product. Only VIIRS AOIs from 11 to 41 are intersected with ABI
flood maps, and if one AOI is fully coverage with ocean, it is not produced.

3.2 Potential Improvements

In future, the simplified downscaling process could be replaced with the full
downscaling process by considering all the impact factors such as tree cover, urban
constructions and so on.

Once the VIIRS and ABI downscaled 30-m floodwater depth product become
available, the blended VIIRS/ABI flood product could be directly blended with the 30-m
VIIRS/ABI floodwater depth products and becomes a blended VIIRS/ABI downscaled 30-
m floodwater depth product.
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