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Me

« Huidae Cho /hide t¢o/

e Teaching geospatial science and computing at the University of North Georgia
e GRASS GIS core developer (20 years)

e ArcGIS developer (12 years)

e Water resources engineer (10 years)

e https://github.com/HuidaeCho

e grassdu@gmail.com


https://github.com/HuidaeCho
mailto:grass4u@gmail.com
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Source code

e https://github.com/OSGeo/grass-addons/tree/master/grass?//raster/r.accumulate


https://github.com/OSGeo/grass-addons/tree/master/grass7/raster/r.accumulate
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Web-based hydrologic modeling system (WHydroMod)

e r.topmodel: A GRASS module for the Topography Model (TOPMODEL)
e USGS online data
e NCDC web API


https://grass.osgeo.org/grass79/manuals/r.topmodel.html
https://grass.osgeo.org/
https://usgs.gov/
http://ncdc.noaa.gov/cdo-web
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WHydroMod for Texas

e http://txmod.isnew.info =

The Web-based Hydrologic Modeling System (WHydroMad) v0.1 for Texas Latitude: 37 ‘?!-‘ E:i:;‘i;;ﬁf*

° o This cnline vdeologpic modeling system named WHydrelod was developed by Husdae Che m 2004 WHydrohlod donmloads forcing weather data,
[ I‘OO _O _CO[]Ce t lm eme[]tatlo [] OI‘ e x aS sharrved streamilon, and tepographic duts For Teuss and prepares model Bles foe e TOPASODEL modele in GRASS GI5 called rlopmede], See bese
for more details aboet piopmodel. The simulation persed 13 fooed o Japsary 1, 2000 theough December 31, 3015 for festing perposes. This version 5

caly G2 3 proof of consept kad mons el feaseses will be implemented = the fune

e GNU Affero General Public License Version 3
e Transparent system to the user
e Open source stack
= GRASS GIS
= PostgreSQL
= PyWPS
= MapServer
= OpenLayers
» Apache
e Bing Maps API for base maps



http://txmod.isnew.info/
https://grass.osgeo.org/
https://postgresql.org/
https://pywps.org/
https://mapserver.org/
https://openlayers.org/
https://apache.org/
http://bingmapsportal.com/
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Typical TOPMODELing

USGS Streamflow Data

NED | NCDC Weather Data
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The WHydroMod way

USGS Streamflow Data
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Data flow
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Challenges

Web users are impatient But it takes minutes to download online data & process DEM

e Blue & red USGS gages

e Automate heavy data processing over night

e Allow the user to initiate new processing and share results
e Improve the performance of geospatial computation
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Important hydrologic parameters

e Flow direction
e Flow accumulation
e Longest flow path
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Flow accumulation

A raster (think of a matrix with cell values) that downtraces rain drops following flow directions.
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Longest flow path

FP is the watercourse from one point to another.

— — —

—
e

Yes! LFP is the “longest” flow path.

There can be more than one in some case.
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Motivation

The current LFP algorithm

e Peter Smith (1995) — the resolution of DEM was limited
e grid-based — can take a long time

e grid output — potentially invalid vector output

e calculation of two flow length grids for each outlet

e not for a large number of watersheds

Smith, P. N. H., 1995. Hydrologic data development system. Transportation Research Record: Journal of the
Transportation Research Board 1599, 118—-127.
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Peter Smith’s method


https://talk.isnew.info/r.accumulate-efficient-computation-of-hydrologic-parameters-in-grass.html?read

FOSDEM 2021

Downstream flow length

Flow length starting from the outlet

FL, ; is the flow length from cell ¢ to cell j.

0 1 = 0 at the outlet

Dt = { FL; 1;+DFL; ; i>1

Note

e 0 at the outlet
e high at a headwater
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Upstream flow length

Flow length starting from a headwater

0 1 = 0 at a headwater

UkL: = { FL;_1; + max(UFL; 1) 4> 1

Note

e 0 at a headwater
 high at the outlet
e taking the maximum at a confluence
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DFL+UFL

DFL UFL DFL+UFL
Note

e maximum DFL at the headwater on the LFP

e maximum UFL at the outlet

e both maximums are the same — LFL (longest flow length)
e any DFL+UFL cells on the LFP have this maximum value
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LEP

—
LFP defined by all the cells with a value of LFL

LFL = max(DFL + UFL)
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Typical procedure for multiple outlets
o
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Critical problem

Green arrows: tlow directions, blue line: LFP

Hydrologically invalid!
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Other problems

Slow!

Esri’s Flow Length tool is limited.


https://pro.arcgis.com/en/pro-app/tool-reference/spatial-analyst/flow-length.htm
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Divide-and-conquor approach

Purely vector-based approach

r.accumulate GRASS GIS addon


https://grass.osgeo.org/grass78/manuals/addons/r.accumulate.html
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Divide
Divide the problem into smaller pieces in a recursive way.

e s
LFP; € {LFP]- +FP;; Vj e UP}

where

e UP = {Upstream neighbors of cell 7}
e 0 < ||UP| <8

Define a function of j that returns the length of the longest flow path at cell .

{ HLFP HFPJZ HLFP if UP # ()
otherwise

Now, the problem becomes finding all arg max,_yp f(j) by traversing upstream cells starting from the outlet. The search
stops when UP = (.
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Conquor

Intuitively, the longest longest flow length
LFL . = s-FACY/2

where s and FAC are the cell size and flow accumulation, respectively

Based on Hack’s law, the shorted longest flow length
LFLyim = svFAC

—
Between upstream neighbor cells ¢ and j, cell ¢ is on the LFP if LFLyin; > LFL x5
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Stack overflow and solution

e Depending on the watershed size, recursion can consume all stack memory and cause a stack overflow
e Convert recursion to iteration using a heap-based stack
e A single loop until the stack with upstream cells depletes
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Benchmark experiments: r.accumulate vs. Arc Hydro

Is paid software always better than open and free software?
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Data

e National Elevation Dataset (NED) 1 arc-second
(approximately 30 meters)

e 27 NED maps

e National Atlas of the United State state boundaries for
masking

e Generated 100 outlets randomly
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System specifications

e CPU: Intel Xeon E5620 2.40 GHz

e Memory: 48 GB

e OS: Linux kernel version 4.4.14

e GIS: GRASS development version 7.7.svn revision r74124
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Results and discussions
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LFP geometries

Both methods produced almost identical LFPs except for some areas

Blue: r.accumulate, Red: Arc Hydro
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Performance comparison with Arc Hydro
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Conclusions

The fewer raster operations, the faster!

The performance of r.accumulate is linearly growing with the subwatershed size.

While that of Arc Hydro exponentially growing.

The new approach is cost-efficient and can be used for interactive hydrologic modeling (e.g., web).
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