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Training Objectives

Become familiar with:

* HydroSHEDS (Hydrological data and maps based
on SHuttle Elevation Derivatives at multiple Scales)
https://www.hydrosheds.org/

Learn to:
* Delineate ariver basin and sub-basins based on a geographic location
* Determine drainage direction in a river basin and sub-basins
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Outline
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« About ARSET

* Importance of river basin delineation

« Overview of NASA digital elevation data
* Overview of HydroSHEDS

 Demonstration of HydroSHEDS for river basin delineation and drainage
direction
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NASA’s Applied Remote Sensing Training Program (ARSET)

http://arset.gsfc.nasa.gov/

« Part of NASA's Applied Sciences Topics for frainings include:

Capacity Building Program
« Empowering the global community | Water Resources
through remote sensing training

« Goal to increase the use of Earth
science in decision-making through
training for:

— policy makers
— environmental managers

— other professionals in the public and | |SReNEm
private sector

NASA's Applied Remote Sensing Training Program S NG
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Capacitaciones ARSET

110+ trainings 2L 19,400+ participants
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SDGS . 0-19 participants
© 20-49 participants
© 50-99 participants
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Water Resouces ‘ 400-599 participants
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@ 160+ countries é 5,000+ organizations
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Learn More About ARSET
htp://arset.gsfc.nasa.gov/
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Importance of River Basin Delineation




What is a River Basin?

- An area of land that drains water into a river Indus River Basin

and its tributaries AFGHANISTAN === CHINA
+ Ariver basin usually has multiple drainage L RN -

cafchments or watersheds separated by ——asl A
ridges and hills called the drainage divide B - &

-

« Each watershed in a river basin collects rain r/ T fo
and/or snow water and drains to @ P iz
common outlet such as a stream, tributary, Nl s 7
lake, or wetland — eventually confributing lf s ¢
water to the river L SN
» Ariver basin consists of surface water and RS L oo suer sosn mene

also underlying groundwater

« hitps://water.usgs.gov/edu/watershed.html
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https://arset.gsfc.nasa.gov/
https://commons.wikimedia.org/wiki/File:Indus_River_basin_map.svg
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Why Delineation of River Basin?

e Land surface processes, precip”‘gﬂon, Mean precipitation (April 2014 — June 2018)
over the Parana River Basin from IMERG —
storm water, and wastewater runoff Integrated Multi-satelitE Retrievals for Global
within a river basin have substantial Precipitation Measurement (GPM)
impact on quantity and quality of the
water draining in the river R
48
. , o : 65.5
« Delineation of the basin is crucial for a0
planning for water resources and flood 100
management 118
135
« Delineation of watersheds within the 53§
basin is also crucial as it allows monitoring u :;g
amount of water drained by each L £
mm/month

watershed to the river channel
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River Basin Delineation

 Surface topography and elevation Shuttle Radar Topography Mission (SRTM)
generally determine boundaries or Digita'gi;’:dtg‘:;‘em‘;g (DEM)
drainage divides of a river basin
and between sub-basins

« NASA digital elevation data from
the Shuttle Radar Topography
Mission (SRTM) has been widely
used for determining boundaries of

. . -
river basins /"

90-meter pixels 30-meter pixels

Stream erosion patterns, I%
Crater Highlands, Tanzania

Area Size = 5220 x 4320 meters Location = South 2.93 East 35.92
Source: NASA/JPL-Caltech/National Geospatial Inteligence Agency \
NASA's Applied Remote Sensing Training Program 11
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Overview of NASA Digital Elevation Data and
HydroSHEDS




Terrain Data from Shuttle Radar Topography Mission (SRTM)

hitps://www2.ijpl.nasa.gov/srim/mission.htm

.

. C-band (5.6 cm) SAR mission Radar signals being transmitted and

received on the SRTM mission
 NASA Spocg Shuttle Endeavour (not to scale)
« Completed in February 2000

» 176 orbits around Earth in 11 days I/Q%“Semi”ed ) Poseline e
%
« Generated digital elevation maps of Received ‘
all land between 60°N-56°S latitude YT Wave

« ~80% of Earth’s fotal land mass

« SRTM used interferometry to generate
topographic (elevation) maps

* For detailed information see the
Appendix
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HydroSHEDS: River Basin Network Based on SRTM
hitps://www.hydrosheds.org/ htips: //hydrosheds Cr. usgs gov

- Hydrological data and maps
based on SHuttle Elevation
Derivatives at multiple Scales
(HydroSHEDS) provides data sefts of
stream networks, river basin i
boundaries, drainage directions, sl
flow accumulations, distances,
and river topology information

- HydroSHEDS uses digital elevation
data derived from SRTM

HydroSHEDS

NASA's Applied Remote Sensing Training Program
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https://www.hydrosheds.org/
https://hydrosheds.cr.usgs.gov

HydroSHEDS: River Basin Network Based on SRTM
hitps://hydrosheds.cr.usgs.gov/datasets.php

« Data void filling

« Stream identification and hydrologic
conditions derived using GIS

« Removing spurious features

« Coastal zone "weeding” to reduce
the impact of mangroves and
vegetation on digital elevation data

« Stream "burning” to enforce known |
river courses onto an elevation surface

 Modeling valley courses to improve
river delineation in low lying areas

* Quality checking — more uncertainty
in flat and vegetated areas

NASA's Applied Remote Sensing Training Program
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River Basin Data Availability from HydroSHEDS

.

« Data are available for download with the following filename convention:
Extent_DataType_Resolution

hitps://hydrosheds.cr.usgs.gov/dataavail.php

Data Type
Extent

h NASA's Applied Remote Sensing Training Program 16 NGy
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River Basin Data Layers and Format from HydroSHEDS
hitps://hydrosheds.cr.usgs.gov/data.php

« Data are available in ESRI vector and raster” format in WGS84

Layer Name Format Data Resolution
o i Raster Elevation in meters 3 arc-sec
de—ﬁlledﬁg;(ljt;l Elevation 15 arc-sec
32 64 128
CON L
Hydrologically Conditioned Raster Elevatfion in meters 3 arc-sec N
Elevation
16 €< 0 = 1
DIR L 3 arc-sec
Sl B Raster ESRI flow direction numbers 15 are-sec Z LN
ACC Raster Number of upstream cells draining into 15 are-sec 8 4 2
Flow Accumulation each cell
ORIV Vector Unique |den’r|f|.er and maximum flow 15 are-sec
River Network accumulation number of cells
: : - : )
BAS Vector Unique identfifier and surface area in km 15 are-sec
Drainage Basin

Raster data are also available in binary images in Band Interleaved by Line (BIL) format

NASA's Applied Remote Sensing Training Program
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Demonstration of HydroSHEDS for River Basin
Delineation and Determining Drainage
Direction




Upcoming ARSET trainings:

Advanced Webinar: SAR for Disasters and Hydrological Applications
December 3-5, 2019

hitps://arset.gsfc.nasa.gov/webinars



https://arset.gsfc.nasa.gov/webinars

Appendix: SRTM and ASTER DEM




Outline

* SRTM and ASTER DEM Data

« SRTM and ASTER DEM Data Access

— Application for Extracting and Exploring Analysis Ready Samples
(APPEEARS) hitps://lopdaac.usgs.gov/tools/appeears/

NASA’'s Applied Remote Sensing Training Program
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What is SRTM?

hitps://www2.ipl.nasa.gov/srim/mission.him

A C-band (5.6 cm) radar mission

« On NASA Space Shuttle Endeavour
« Completed February 2000

« 176 orbits around Earthin 11 days

« Acquired digital terrain elevation data
of all land between 60°N- 56°S latitude

« ~80% of Earth’s fotal land mass

Image Credit (Top Right): DLR

NASA's Applied Remote Sensing Training Program
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.

Radar signals being fransmitted and received
on the SRTM mission (not to scale)

SRTM Digital Terrain Data

hitps://www2.ijpl.nasa.gov/srim/mission.htm

« SRTM used interferometry to gather
topographic (elevation) data

» Interferomeitry:

— two radar images of the same
. Wave
area are taken from different Recer
] eceived
Views Wave

— the difference in the two images
determines the height of the
surface in the digital elevation
model (DEM)

Transmitted / ——baseline—

Based on a JPL graphic: http://www?2.jpl.nasa.gov/srtm/instrumentinterferometry.html

NASA's Applied Remote Sensing Training Program
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NASA SRTM Version 3.0 (SRTM Plus)

e As of 2015, terrain data are
available at 1 arc second or 30 m
spatial resolution

» Eliminated voids in SRTM data by
filling it with:
— ASTER GDEM?2
— USGS GMTED2010

— USGS National Elevation Dataset
(NED)

Image Credit: WWF, Text Reference: h’r’rps://eor’rhdo’ro.noso.qov/communi’ry/communi’ry—do’ro—svs’rem—proqroms/meosures—poie

HydroSHEDS

Amazon Basin

River network derived
from SRTM elevation data
at 500 m resolution

Only
major
rivers and

River line width
proportional to
upstream basin area

0 500 1000
[ —

Kilometers

Y
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Advanced Spaceborne Thermal and Reflection Radiometer (ASTER)
hitp://asterweb.jpl.nasa.gov/

« Onboard Terra
— Polar orbiting satellite launched
Dec 1999

» Spatial Coverage and Resolution
— Global
— Swath Width: 60 km
— Spatial Resolution Varies:
e 15mM
30 m
90 m

Images of New Zealand glaciers in 1990 (Top: Landsat; Bottom: ASTER)

NASA's Applied Remote Sensing Training Program
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Advanced Spaceborne Thermal and Reflection Radiometer

(ASTER)
http://asterweb.jpl.nasa.gov/

.

IU{!I':

« Spectral Bands

— 14 bands (visible to £l iy | IR
thermal IR bands) E og E3 Z i),
*Bands 1-3: 15 m Ei‘ﬂ .
(VNIR) ;i omg o] }Uu s | N I
+Bands 4-7: 30 m £ mmm EE ) oo |
(S Wl R) [=s=ag==—ul J Landsat 7
° BOndS ]O_]4 90 m 400 900 1400 1900 2400 10000 11000 12000 13000

(Tl R) Wavelength (nm)

o Status alert: ASTER SWIR
data acquired since Apr
2008 not usable

Image Credit: Vincheh, Z.H. and Arfania, R. (2017) Lithological Mapping from OLI and ASTER Multispectral Data Using Matched Filtering and Spectral Analogues Techniques in the Pasab-
: e-Bala Area, Central Iran. Open Journal of Geology, 7, 1494-1508.
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ASTER Global Digital Elevation Model (GDEM V2)

hitps://asterweb.jpl.nasa.gov/gdem.asp

* A joint product developed by NASA
and the Ministry of Economy, Trade,
and Industry (METI) of Japan

« Uses ASTER VNIR stereo pairimages to
derive DEM

« GDEM version 2 is available since 2011,
based on all available ASTER stereo
images

« Covers land surfaces between 83°N —
83°S and is composed of 22,600
1° by 1° tiles of 30 m resolution

NASA's Applied Remote Sensing Training Program
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SRTM and GDEM2 Accuracy

Results from the CONUS Absolute Vertical Accuracy Assessment (in meters)

GDEMZ2 -137.37 64.80 -0.20 3.68 8.68 17.01
NED -46.21 16.42 -0.33 1.81 1.84 3.61
SRTM -28.67 28.58 0.73 3.95 4.01 7.86
GDEMI -127.74 105.41 -3.69 3.58 9.34 18.31

« Based on comparison with 18,000 geodetic points over the U.S.

« ' ..the GDEM validation team recommends the release of the GDEM2 to
the public, acknowledging that, while vastly improved, some artifacts sfill
exist which could affect its ufility in certain application” - ASTER GDEM team
[hitps://pubs.er.usgs.gov/publication/70005940]

RMSE: Root Mean square Error; LE?5: Linear error at 95% Confidence Level
NASA's Applied Remote Sensing Training Program
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SRTM and GDEM2 Accuracy

DEM data accuracy depends on location and land cover categories

Grass & Shrub 12.36 16.6 .
Deciduous 25.49 20.79 R
Evergreen 24.76 22.23 e
Mixed 18.81 10.03 _
Figure 1. Study sites (California [2], Arizona [1], Colorado [1], and Minnesota [2]).

Tighe, M. L., & Chamberlain, D. (2009). Accuracy Comparison of the SRTM, ASTER, NED, NEXTMAP USA Digital Terrain Model Over Several USA Study Sites. In ASPRS/MAPPS 2009
Conference Proceedings. San Antonio, TX. Retrieved from http://www.asprs.org/a/publications/proceedings/sanantonio09/Tighe 2.pdf
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DEM Applications

 Useful for mapping
hazardous terrain
» Calculate:
— slope and aspect
— catchment area
— forest canopy height

HydroSHEDS

Global river network
e Models: derived from SRTM

elevation data
— runoff
— stream networks
— landslides

Image Credit: USGS HydroSHEDS/WWF
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SRTM DEM Application in Flood Modeling

VIC DRTR — Dominant River  The Global Flood
Tracing Based Routing Monitoring System
(GFMS) uses
HydroSHEDS derived
from SRTM DEM for
i) identifying river
.._,;.rﬂ Z o neftworks for routing

Variable Infiltration Capacity (VIC)
Macroscale Hydrologic Model

Grid Cell Vagetation Coverage
F il

Celf Energy and Moisture Fiuxas

Variabia infiitration Ctrva
P= - - AT

g o y N\ | ' ' 4 A _ 1 - Ticks for dominant river intervals
: " . < ? Cou p ed el ff > Qverland flow into tributaries mOd els
// % : ¥y >‘<*\f / —> Overland flow directly
a:rgagonulmen1 Into domi I [d kblue i :.
P / o ”  hitp://hydrosheds.org/
L N\
Baseffow Curve f/ .& .\
\_\/ @ = y w.“
§ 5 %
d =
¢ Layer 2 smﬁ.ﬂ;;m, g‘:: [C:| I:;. {d]

University of Washington University of Maryland

Wu et al., Real-time Global Flood Monitoring and Forecasting using an Enhanced Land Surface Model with Satellite and NWP model based Precipitation. GFMS.
hitp://flood.umd.edu/GFMS_conference.pdf
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SRTM and ASTER DEM Data Access




Application for Exiracting and Exploring Analysis Ready Sample

(ApPEEARS)
https://Ipdaac.usgs.gov/appeears/

» Seamless data viewer that provides
access to SRTM and ASTER DEM Welcome tO AppEEARS'

» Users can subset and download s Al el

f M M | M | The Application for Extracting and Exploring Analysis Regdy Samples (AooEEARS) offers a simple and efficient way
d O TG by O re O O I n Te re ST I n I I l U TI p e to access and transform geospatial data from a variety of federal data archives. AopEEARS enables users to subset

ts using spatial, temporal, and band/layer parameters. Two types of sample requests are available:

fo rm G 'I' S ( G e OT O ff O n d N e 'I'C D F) G n d s for geographic coordinates and area samples for spatial areas via vector polygons. Sample requests

submitted to AooEEARS provide users not only vv|th data values, but also associated quality data values. Interactive
. e visualizations with summary statistics are provided for each sample within the application, which allow users to
p rOJ e C TI O n S preview and interact with their samples before downloading their data. Get started with a sample request using the

Extract option above, or visit the Help page to learn more.

« Requires user registration via
hitp://urs.earthdata.nasa.gov S =~ USGS

I.Pdooc
science for a changing world F,

o D 'e -I- are q ues -|- S are su b m |1--|-e d Vi A an N Shate Administration Geologieal survey Distributed Active Archive Center
email to LP-DAAC “ ©ornLoanc

National Snow and Ice Data Center
Distributed Active Archive Center

Oak Ridge National Laboratory
Distributed Active Archive Center
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AppPEEARS: Data Search and Access Request

hitps://Ipdaac.usgs.gov/appeears/

Extract Area Sample

(¢

Start a new request

Allows for search and request a data
product via a GUI

h NASA's Applied Remote Sensing Training Program
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AppPEEARS: Data Search and Access Request

hitps://Ipdaac.usgs.gov/appeears/

Extract Area Sample

Enter a name to identify your sample

User-defined Data Request Title —> [

--------------------------

]
1 Drop a vector polygon file containing the area
§ feature(s) to extract or click here to select the file.

Spatial Sub-setting by a Shapefile | | e i

» ESRI Shapefile (.zip including .shp, .dbf, .prj, and

.shx files)
+ GeoJSON (/json or.geojson)

--------------------------

Spatial Sub-setting by a
Polygon or Rectangle Area

v
B
B

Temporal Selection

Leafiet | INASA EOSDIS GIBS

To clear a polygon, draw a new polygon or upload a vector
polygon file.

v

Data Product List “"ffff,“f*f’ff‘"f'"““"'”“m‘" S ——

+«— Data Layer Selection

a

Data Product Search by Name

Output Options

Data Format Options | ————

Projection:

NOTE: Be aware that any reprojection of data from its source projection to a different projection will
inherently change the data from its original format. All reprojections use GDAL's= gdalwarp= function
in combination with the PROJ.4 string listed above. For additional information, see the AppEEARS
help documentation.

g | Submit Data Request

NASA's Applied Remote Sensing Training Program
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ApPPEEARS: SRTM Data Search and Access Request
hitps://Ipdaac.usgs.gov/appeears/

User-defined Data Request Title

v

Temporal Selection

v

Data Product List

a

Data Product Search by Name

Data Format Options | =————

Data link is sent by an email for
data download

NASA's Applied Remote Sensing Training Program

Spatial Sub-setting by a Shapefile |— :

Enter a name to identify your sample
SRTM-Panama

Upload a file or draw a polygon using Selected file (User-Drawn-Polygon)

: Drop a vector polygon file

E containing the area feature(s) to

» extract or click here to select the
file.

= Supported file formats:

: * ESRI Shapefile (.zip including .shp, : RaeN
.dbf, .prj, and .shx files)
» * GeoJSON (json or.geojson)

Lat: 9.611 Lon: - 83 300 et s el s o)

¢ To clear a polygon, draw a new polygon or
upload a vector polygon file

..................................

Start Date End Date &
01-01-2000 [l 02-28-2001 9
Is Date

Recurring?

Select the layers to include in the Selected layers
sample
90m.
o §
© Bandl Statlc
SRT

SRTM Elevation

SRTMGL1.003, 30m, Static, (2000-02-11 to 2000-02-21)
SRTM Source
SRTMGL1N.003, 30m, S
SRTM Elevation
SRTMGL3.003, 90m, Static, (2000-02-11 to 2000-02-21)
SRTM Source

SRTMGL3N.003, 90m, Static, (2000-02-11 to 2000-02-21)

2-11 to 2000-02-21)

File GeoTiff +
Format:
Projection: Geographic

DatumWGS84
EPSG: 4326

PROJ.4eproj=longlat
+datum=WGS84
+no_defs

NOTE: Be aware that any reprojection of data from its source
projection to a different projection will inherently change the data
from its original format. All reprojections use GDAL's- gdalwarp-
function in combination with the PROJ 4. string listed above. For
additional information, see the ApgEEARS help documentation.

[ Submic | Carcol

Spatial Sub-setting by a
Polygon

Data Layer Selection

Submit Data Request
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