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Initiation of Flood Depth Cal/Val
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e Water depth: The depth of water above highest adjacent terrain.

— The ‘Flood_Depth_Estimation_with_Flood_Extent_Maps’ program estimates water depth.
e Water level: The elevation of surface water including terrain height.

— We need to check if the gauge data is water level or water depth for validation.

e Datum difference between measurements and validation data needs to be considered.
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Digital Elevation Model (DEM)

What kind of DEM we should use for flood depth mapping?
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e Importance of the use of appropriate DEM
— Estimated flood depth can be different depending on the DEM we use.
— Accuracy of DEM is one of the critical factors for flood depth mapping.
— Digital Terrain Model (DTM) needs to be used.

— DSM from stereo images can be inadequate to generate a water depth map.

¢ Different DEM sources
— NASADEM (reprocessed SRTM) Global 1 arc second (30m) DEM
— Copernicus DEM 30m - TanDEM-X global DEM provided by ESA. DSM

— Local DEMs (e.g. LIDAR)
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DEM Accuracy

What kind of DEM we should use for flood depth mapping? QY | wenomcone

. . | B) SRTM 30m C) ASTER GDEM 30M
* Spatial Resolution T ol

i

e Resolution is not accuracy

e Imaging artifacts

: E) TanDEM-X 30m F) TanDEM-X 12m
DEM Vertical . ~
Accuracy (m) : -

SRTM 1 arcsec 9
ASTER GDEM

AW3D30

TanDEM-X

Grohmann, C. H. (2018). Remote Sensing of Environment.
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DEM Accuracy

What kind of DEM we should use for flood depth mapping?
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What is HAND DEM?
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e Height Above Nearest Drainage (HAND) DEM

— The HAND model normalizes the topography in
respect to the drainage network.

— The vertical distance between a location and its
nearest stream.

e To produce HAND, a hydrologically
conditioned DEM and a representation of the
DEM flow field are required.
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Renno et al., 2008
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How is HAND calculated?
HAND Model procedure
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Renno et al., 2008
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How is HAND calculated?
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e During HAND calculation, a threshold is applied to the accumulation area. Small accumulation
area threshold results in high density drainage networks.

Contributing area thr = 500 " thr = 50 thr=5

Contributing area (left) and drainage networks plotted on SRTM image, with varying contributing
area thresholds (in number of grid points).

Renno et al., 2008
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Original DEM and HAND Grid Profiles
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Issues with HAND results
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Issues with HAND results
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e NaN issues for HAND

— Anomalies found in some rivers; the river looks disconnected in the HAND DEM.

— This issue is mainly due to the accumulation threshold parameter.
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Issues with HAND results
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e Undefined areas within HAND

— Some rivers are being NaN because the edge of the river has high elevation values resulting in the water not draining into the river.
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HAND DEM Sources
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e Different ways to obtain HAND DEM

— Calculating HAND directly from Digital Elevation Model using the Big Hand notebook.

— Getting HAND dem from the web site of Google Earth Engine.
(https://code.earthengine.google.com/1bbbff7c908ad6482ccdc627191d4003 )

— Getting Google HAND through the notebook (An account is required for Google Earth Engine)

Go gle Earth Engine Search places and datasets. m
— Jupyterhub Big_Hand_notebook Last Checkpoint: 12/03/2020 (autosaved) A Logout | Contrl Panel
' 7] Docs Assets Link 5t8c334ddd7c04cdas2.. [ETCCNRd | | I N 3 A
File  Edit  View Inset Cell Kemel Widgets Help  Hide Code Trusted Pythen3 O e - Imports (10 entries) B
| [Ftter-acripes ’ ) var hand30.160: InageCollection users/gena/global-hand/hand-1.
e Y »var srtm: Ima IASA SRTM Digital Elevation 3@m" (1 ban
B o+ =/@aB 4 v PRn B C P Makdown v = » B D Ownar'(1) mage” users/gena/GlobalHAND/30m/hand-1000
~ users/mjowen009/houston_dem » var hand90. mage users/gena/GlobalHAND/90m-global/han
This repository is empty. » var hand30_5000: Image users/gena/GlobalHAND/30m/hand-5000 (1..

~ Writer »var fa: Image users/gena/GlobalHAND/9@m-global/fa (1 band)..

oy v o]

Map Satellite

Calculating HAND from DEM

How to obtain Height Above Nearest Drainage using a BIG Digital Elevation Model with
PySheds

Part of NASA A.37 Project: Integrating SAR Data for Improved Resilience and Response to Weather-Related Disasters
PI:Franz J. Meyer

Version 0.1.5 - 2020/11/18

Change Log

2020/11/18:

- BugFix: gdal_write function for filling Nan values. Hydrobasin data download link for Europe has been fixed. - BugFix: Output was not
respecting requested format, and was defaulting to 64bit. Also changed gdal_write() to generate Cloud-Optimized-Geotiff by default. -
Feat: Performance upgrade to nan-filling. 2020/09/17:

- BugFix: Evan Smith (BYU) reported an issue which was resulting from the basin mapping te a 1pixel-wide DEM. Modified code to skip
single pixel wide or high DEM patches. 2020/07/21:

- BugFix: Certain DEM projections was causing Inf values when global datasets were reprojected. Added a clipping step before projecting
global datasets to DEM projection. 2020/06/02:

- BugFix: Added individual HydroBasin links for each region.

- BugFix: Clearing no-longer used variables before final nan-fill loop. Also skipping nan-fill if region is bigger than 1 Million pixels.

- BugFix: Moved export before display to make sure Hand is saved before attempting anything else when result is ready.

‘Contact: batuhan.osmanoglu@nasa.gov

Bing Hand notebook Google Earth Engine HAND
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https://code.earthengine.google.com/1bbbff7c908ad6482ccdc627191d4003

HAND DEM Differences over Study Area
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What are the estimators for water height? rd Ao
1% 1%
Numpy: u=NZZi 02=NZ|ZL~—;¢|2 W.H=u+Co, 0<C <3
l l
1 N
NMAD: H=szi o = median (||Zi—Z||), 7 = median(Z) W.H.=u+Co, 0<C <3
[
N 1 N
1 _ _ _ W.H=u+Co, 0<C<3
LogStat: u = exp NZlog(Zi) 0% = exp Nzlog(IZi ul?) prtlo
. l
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|| W.L>Zi | Extent_
1

| ,~ Cost Function Critical Success Index TP TP 1
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How do different estimators perform?
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* Depending on the height distribution different estimators provide different statistical estimates.

Numpy 0.08 4.93 Numpy 9.96 11.30 Numpy 4.12 12.88
NMAD ditto 4,99 NMAD ditto 14.83 NMAD ditto 1.22
Log. Stat. 2.64 3.04 Log. Stat. 10.20 3.85 Log. Stat. 0.48 14.52
025
numpy 0.05 1 numpy numpy
008 4 — nmad — nmad —— nmad
— |ogstat 0.04 4 — logstat 0.20 —— logstat
0.06 1 o 015
0.04 1 .02 - 010
0.02 1 0.01 0.05
1 I
000~ 0030 10 o w2 B | o 50 oo 10 20 0 0 0 e 10
randn()*5+(randn()*5+20) HAND DEM from Lab2
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SAR determined flood depth to water level conversion
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Numpy 0.89 1.60 5.69
NMAD ditto 0.06 1.07
Log. Stat. 0.08 19.35 58.31
Iterative 6.4

0 1000 5000
0

Extent - e -
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Water Level Data (IGARSS Domain)
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e Copernicus Global Land Service - Water Level V2 Rivers
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5471
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2020/06/27 23:26
2020/07/27 17:22
2020/08/09 15:54
2020/08/12 04:26
2020/07/06 04:25
2020/08/02 04:25
2020/06/03 15:52
2020/07/27 15:52
2020/07/06 04:25
2020/08/02 04:25
2020/06/03 15:52
2020/07/27 15:52
2020/06/27 04:19
2020/07/24 04:19

ICIMOD JPL

30.88+0.2
33.7610.02
31.43+0.15
30.27+0.11
25.31+0.84
27.981+0.11
23.2510.11
27.51+0.14
24.84+0.14

26.3+0.09
22.96+0.09
25.97+0.17
11.18+1.00
13.82+0.08
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Method Comparison
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* On a machine with 128GB RAM, 32 core Intel(R) Xeon(R) Platinum 8259CL CPU @ 2.50GHz

R | Numpy | NVAD | logstat | lerative _

00:00:07 00:00:10 00:00:09 00:40:07
197K 00:00:18 00:00:27 00:00:19 01:40:24

* Sigma’s are set the same for all runs, but actually changing them could yield better results.
For example, setting Numpy with 3 sigma for NASADEM would reduce the RMSE.

* SRTM HAND is calculated with Big Hand notebook v0.1.4, while others were calculated with v0.1.8.

__RMSE (#) _|_Numpy(l5) | NMAD(30) | Logstat(lo) | _tterative _

SRTM (v0.1.4) 3.28 (2) 4.7 (2) 13.66 (2) 0.84 (2)
NASADEM 3.54 (2) 4.11 (2) 1.73 (2) 1.12 (2)
Copernicus 2.89 (2) 4.05 (2) 79.01 (2) 2.27 (2)
GEE-Hand 1.65 (2) 0.89 (2) 5.68 (2) 0.79 (2)

Shows RMSE (m) and (number of validation points)
Bold: lowest RMSE
Italics: 2" lowest RMSE
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Surface Water Layer
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Validation for Bangladesh 2017 flooding case

Water level data in Bangladesh
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e Flood Forecasting & Warning Centre from Bangladesh Water Development Board (BWDB) is
monitoring daily basis water level (http://www.ffwc.gov.bd/index.php#).

TABLE OF WATER LEVELS : 11-11-2020

T e Observe my | .- Forecas m

N Danger Level mm
River Name Location
(mPWD) | 06:00 AM | 06:00 AM

Brahmaputra Basin

Severe Danger m Warning Normal m South Eastern Hill m Ganges m Meghna m Brahmaputra

River Based Map | Division Based Map | District Based Map | Google Map

WEST BENGAL (INDIA) Water Level Status
' Normal Level - more than 50 cm below Danger Level

2a./ T R @ Warning Leve! - below Danger Leve! within 50cm
;o |
, m, 34 , Flood - At and above Danger Level upto Tm Jamuna Aricha 9.40 5.59 5.44 1
o 2 "\ 3 1 , Sever Flood - More than 1m abovéBanger Level
% Lo Atrai Atrai 13.70 11.12 10.97 1
(s
IR A ’ Jamuneswari Badarganj 32.15 NP MNP 1
"Dinajpur
Lo o . Karatoa-Atrai-GGH Baghabari 10.40 6.16 6.11 1
@ oewonson ot amuna ahadura ; : g
L + = ] Bahadurabad 19.50 15.25 15.34 1
Chakrahimpu E_’ B OQuaaopur oo sorghot
—tl 8 y B my e %, I Upper Atrai Bhusirbandar 39.60 35.88 35.87 1
Rohanpur Naogaon ‘Bogra , , iroi
4 3 Q. M. ST 4453 Karatoa Bogra 16.30 12.10 12.07 1
W R : g ot Karatoa Chakrahimpur 20.15 17.16 17.14 1
Saeon Chanchkair f e mmnlﬂ!rl = :
', AYAY Brahmaputra Chilmari 23.70 20.01 20.08 1
WEST BENGAL . , hobori | Porabari AT & E o
e s TR 9 ,“’, s Teesta Dalia 52.60 50.95 51.04 1
Tolbaria ,Guwmy l.‘rmwﬂ ,i"m"hgiw“ﬂ" ,Trmqi 'Narsingdi
A T SR g T O R Balu Demra 5.75 2.86 2.97 1
el ‘.% : Dhako' g N o LY (INDIA)
?mwm,mm, et xﬁwﬁm Jamuna Dewanganj 19.00 NP NP 1
sm!m,, A Buriganga Dhaka 6.00 2.62 2.58 1
’ Chandpur ‘PoRphuram
7. Dhaleswari Elasinghat 11.40 6.85 6.84 1
Ghagot Gaibandha 21.70 18.34 18.32 1

[ T N [ S| - nn - e - oan
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http://www.ffwc.gov.bd/index.php

Validation for Bangladesh 2017 flooding case

Water level data in Bangladesh
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e BWDB and other government departments of Bangladesh refer water level to the Public Works
Datum (PWD)

— PWD is located approx. 1.5 ft (0.4572 m) below the mean sea level (MSL).

Surface topography

§~
—

Ellipsoid

Geoid(mean sea level)

Water Level + Offset (0.4572)

¥

Water Level (m)

But what is mean sea level?
EGM84, EGM96, EGM2008 ?
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Validation for Bangladesh 2017 flooding case

Converting measurements to water level
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0 "] 2?0 4?0 690 E?B lUlDU 12‘00 14?0
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| // j
600 \‘\ i
{ ! : S
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800 '\,___’,_) ! N
1000
1400 1
Mean: 3.35
1200 | .
Median: 3.0
1000
Std: 2.01
800 4
800 4
400
200 +
0- =
-5 0 5 10 15 20

Water Depth + Topographic Height — Offset (3.35) » Water Level (m)
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Validation for Bangladesh 2017 flooding case

Accuracy assessment
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e Event: 2017 Bangladesh flood

— Observation date: September 10, 2017

e

HAND (m)
o
. 5
B 10
B 15
I 20

WaterDepth (m)
1o

1
I 2
3
M 4

Water Level (Stations)
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[ ]
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Khaliajuri ®
b _-Markuli-~® Berai
R2=0.7675 R2=0.9518
RMSE = 2.18 RMSE =0.73
5 10 15 20

Water Level (SAR product)
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