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Do you have the access or know how to take advantage of
advanced computing capability?

Hydrologic Experimentation and Modeling Data Intensive High Performance Computing

#1/bin/bash Vi chmod

#PBS -l nodes=4:ppn=8
mpiexec

sreP  Jwk

A digital divide

Data and Software Services



The challenge of increasing Digital Elevation Model
(DEM) resolution

| e.g. 50,000 km?
Watershed
1980°’s DMA 90 m
27 MB
102 cells/km?
1990’s USGS DEM 30 m 240 MB
103 cells/km?
2000’s NED 10 m 2 GB
104 cells/km?
2010’s LIDAR ~1 m 200 GB

10° cells/km?



HydroShare web based collaboration environment

Share your data and models with

www.hydroshare.org
colleagues

Manage who has access to the content ORI Seomecer e 5

that you share

Share, access, visualize and manipulate a
broad set of hydrologic data types

Sharing and execution of models

Web services API to facilitate automated
and client access to almost all functionality

Access to and use of high performance
computing

Publication of data and models with a DOI

Enable more rapid advances in hydrologic understanding
through collaborative data sharing, analysis and modeling.


http://www.hydroshare.org/

Types of data supported as resources

Generic vV

Geographic Raster (GeoTIFF) v/

Time Series v/

Multidimensional (netCDF) v/ Mt ,M.
Model program v’ T EE &S &8 &R

Model instance v/
— SWAT Model Instance v

Web App v

Geographic Feature (Shapefile) v/
Referenced Time Series (CUAHSI HISweb @ 07" ~
service link) 4 / DRSS o=k
River Geometry

Sample based observations (ODM?2 and
CZ0)

Composite resources (Collections of
resources)




Resource
exploration

Resource
storage

Django
website

API

ﬁ AP

Architecture

HydroShare
Apps

ﬁ AP

iIRODS “Network File System”

Actions on
Resources

Can this web based (cloud) computing
approach deliver GIS and hydrologic
analysis and modeling functionality as
services over the web?

and address

Platform independence

Big data

Reproducibility

Reduce needs for software installation and
configuration



Resource
exploration

Resource
storage

Django
website

API

—

ﬁ AP

Empower

everyone with

Apps (Dawn
Wright)

HydroShare
Apps

Actions on
Resources

ﬁ AP

iIRODS “Network File System”

Can this web based (cloud) computing
approach deliver GIS and hydrologic
analysis and modeling functionality as
services over the web?

and address

Platform independence

Big data

Reproducibility

Reduce needs for software installation and
configuration

Anyone can set up a server/app platform (software service) to operate on HydroShare
resources through iRODS and API



Terrain Analysis as a use case

Topography is fundamental to
hydrology

Watersheds are the most basic
hydrologic landscape elements

———————————————————————————————————

_____

___________________________________

TauDEM http://hydrology.usu.edu/taudem/ is software for deriving
hydrologically useful information from Digital Elevation Models

e Stream and watershed delineation

e Multiple flow direction flow field

* Calculation of flow based derivative surfaces

e MPI Parallel Implementation for speed up and large problems

e QOpen source platform independent C++ command line executables for
each function

* Deployed as an ArcGIS Toolbox with python scripts that drive command
line executables


http://hydrology.usu.edu/taudem/

Using TauDEM today requires

Expertise in Hydrologic DEM analysis

The software

— ArcGIS licenses (for ArcGIS plugin)

— The ability to install software

— TauDEM command functions with MPI installation
— Compilation for other platforms &« N

Sufficient Hardware (RAM and Disk) :

The data (GDAL formatted rasters with consistent grid size and
spatial reference)



Moving TauDEM to the cloud, CyberGIS TauDEM App
http://gateway.cigi.illinois.edu/

CyberGIS Gateway

App: TauDEM

@ New S load & Delete & Refresh
ime created « Status
k3



http://gateway.cigi.illinois.edu/

Moving TauDEM to the cloud, CyberGIS TauDEM App

http://gateway.cigi.illinois.edu/

CyberGIS Gateway

App: TauDEM L34
My Analysis Data Selection
& New |'Jload & CyberGIS Geospatial Data Sources
Name T pame Provider Status
Reynalds 201 USGES Mational Elevation
Dataset (MED) - 1/3 arc ISGS Mation...  Available
(10-meter) resolution
B OpenTopogr...  InProgress

data (prototype)
I will provide the dataset Lser

In Progress

Name: LSGS Mational Elevation Dataset (MED) -
113 arc (10-meter) resolution

Information: MED is one of the eight layers of map
data provided by the Mational Map project at USGS.
13 arc (10-meter) MED datasetis organized as 1x1
degree tiles, covering UU.3. terrain. Total dataset
size is about 2TB

Data provider: USGS Mational Map

Data URL: hitp:/nationalmap. gov

Data provider info.. The Mational Map project from
the LI.5. Geological Survery provides eight layers of
map covering the LS., including elevation, land
cover, orthoimagery, structures, boundaries,
hydrography, geographic names, and transporation

Mext l@'



http://gateway.cigi.illinois.edu/
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CyberGIS

€ | @ gateway.cigiillinois.edu/home/apps.phplapp=taudem c " c Sandbox ﬂ’ E + & =
;«;"’ﬂ dtarb’s Profile | Logout
CyberGIS Gateway Visualization Community Help

Dats and Parameters -

Data Source Study Area Workflow

Data Source: USGS Mational Elevation Dataszet
(MED) - 1/3 arc (10-meter) resolution

Provider: USGS Mational Elevation Dataset (MED) -
113 arc (10-meter) resolution

Coverage:

Lower-left: [-125.001, 23.8949]

Upper-right; [-65.999,50.001] N
Coverage in Native Projection:

Lower-left: [-125.001, 23.899]

Upper-right: [-65.999,50.001]

Coordinate System: EPSG: 4259

Vertical Unit: m
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App: TauDEM <%
My Analysis: Reynolds +

Florida

| L | LonLat: -47 60166, 56.66228
Results + 500 mi

Copyright @ 2010-2014 CIGI. CyberGl5 Gateway, powered by GlSolw
CyberG15 Gatewsy is based upon work supported in part by the Nsm"nsl Science Foundation under Grant Numbe
0848855 and 1047918, Any cpinions, findings, and condusions or recommendstions expressed in the Gatewsy ar
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http://cybergis.cigi.uiuc.edu/

File Edit View History -~ —ﬂ E‘éﬂ
CyhberGI5: high-perforn http //CVbergIS Clgl UIUC edU/
CyberGls =

(- & gateway.cigi.illinois.edu/home/apps.phpfapp=taudem c "'23 Sandbox ﬁ' E 4+

i dtarb’s Profile | Logout
o

CyberGIS Gateway Home Apps Visualization Community Help
App: TauDEM P
My Analysis: Reynolds +
Dats and Parameters -

Data Source Study Area Workflow

Data Source: USGS Mational Elevation Dataszet
(MED) - 1/3 arc (10-meter) resolution

Provider: USGS Mational Elevation Dataset (MED) -
113 arc (10-meter) resolution

Coverage: App: TauDEM

Lower-left: [-125.001, 23.9949]

Upper-right: [-65.999,50.001] My Analysis: Logan River

Coverage in Native Projection:

Lower-left: [-125.001, 23.899] Data and Parameters

Upper-right: [-65.999,50.001]

Coordinate System: EPSG: 4269 Data Source Study Area Workflow
Vertical Unit: m

Data Source: USGS Mational Elevation Dataset
(MED) - 143 arc (10-meter) resolution

Provider: USGS Mational Elevation Dataset (MED) -
113 arc (10-meter) resolution

Coverage:

Lower-left: [[125.001, 23.999]

Results
pper-right: [-65.999 50.001]
g v i Coverage in Native Projection:
thseiy ohicess Lower-left [-125.001, 23.099]
| 4 g t

Upper-right: [-65.999 50.001]
Coordinate System: EFSG: 4269
Vertical Unit: m



http://cybergis.cigi.uiuc.edu/

Select the products you want

TauDEM Workflow Wizard

R e L R et T SN

FimBmibre Elaias

I A
Filter
] | Mame RID
= Common TauDEM Products i ® -
] . Hydrologically Conditioned Elevation Grid 1
[] | D8 Flow Direction 3 - -
[7] | D8 Slope 2
[] | D8 Contributing Area 6 @ -
[[7] | Dinfinity Flow Direction 5 g
[F] | Dinfinity Slope 4 ® ® - _—
Dinfinity Spedfic Catchment Area 7 ® @9 ® - ® -9 -
] | Contributing Area Stream Raster 14
Peuker Douglas Stream Raster 15 = 8 - 28 - 8 -
Stream Netﬁ'nri: An-:i Suhwatersi'leﬂs 21
[]  Gage Subwatersheds 27 @ - & ® -
[] | Topographic Wetness Index 2 o -
a - g -
= sSpecialized TauDEM Products .
] v Straer Ordier 8 - 9-9-0-90-0-
] Grid Path Length g
] Grid Total Length 10
[7] | D8 Flow Accumulation Options g
=

- The wizard configures the sequence
of functions to run to get the result

Wy



Results displayed in browser

FI|E Edit Miew History Bookmarks Tools Help

’/C}rberGIS: high-performance, d.., x\+

€
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gateway.cigi.illinois.edu/home/apps.phpfapp=taudem

CyberGIS Gateway

App: TauDEM

My Analysis: 4668:Logan Stream Metwork +

, Data and Parameters +

Results -
Data

H  TauDEM:4668_LoganStreamMetworkssa

#  TauDEM:4668_LoganStreamMetworksds

TauDEM: 4668 _L oganStreamMetwarksca

Dinfinity Contributing Area (metre)

88 8441860009 - 266 532558003

g 266.532558003 - 1599.19534802
. 1595.15534802 - 14392 7581321 £ '\é f% \
. 143527581321 - 172713.097586 A e ,/ \ b j{;"{: .
. 172712.097586 - 2590696.46373 | J } \{ J) L )_(\1 L A N d save d IN H yd I’OS h are
. 2590696, 46379 - 46632536.3481 1 (: l R r‘"“‘{: = R'—‘\\ .
. = 2590696,46379 P J}.l' ( ( t\y '_)~< /Qx ‘x_.“\ ( N p rog re SS )
4 | [ | 3

\‘YHmLat -111,76596, 41“{1 792

Copyright ® 2010-2014 CIGI. CyberGl5 Gateway, powered by GlSolve F
CyberGlS Gateway is based upon work supported in part by the Mational Science Foundation under Grant Mumbers: = q,-\l-
0848855 and 1047916, Any opinions, findings, and conclusions or recommendsations expressed in the Gateway are

those of the authors) and do not necessarily reflect the views of the National Science Foundation.




CyberGIS HydroShare Coupling

HydroShare CyberGIS tools
e CyberGIS data holdings shared as ap[;jﬁga%[?o"r‘]’%ad and HPC
HydroShare resources collaboration gateway
e HydroShare user resources staged at services RETVIEES
CyberGlIS for input to computation ! !
e Results persisted as resources in IRODS “Network File System”
HydroShare to support el
o Collaboration *  Authentication and Authorization
o Input for further analysis and
models

HydroShare CyberGIS
Data Store Data Store

Distributed Resource Servers



Advancing Data Services for Modeling and Analysis
Assumptions

1. GIS and hydrologic modelers have to learn and become
comfortable using a modern scientific programming
language (e.g. Python or R)

2. Modeling is increasingly data intensive (large datasets
from a range of sources) demanding more data and
computing resources than is in most PC’s

3. Reproducibly installing and configuring models on
different platforms is a challenge

4. Should not have to become expert in HPC systems and
learning them is a barrier to using HPC and research
with big data and computationally intensive models



Computation via Python Client calling Data and Modeling Services

Input

author =

e Smatwiiiom:nt el ielailin weing S verimsa Python session on desktop but data and

HDS = HydroDS(username=settings.USER NRME, password=settings.PASSWORD)

subsetDEM = 'HDS_.subset_rastez{if‘.pilt._raste '='nedWesternUs.tif', left=-111.97, top=41.629, anaIYSiS On Server With reSUItS pUShed to

right=-111.48,bottom=41.36,0utput raster="MyDEM.tif’)

Y projectDEM = HDS.project resample raster (input_raster url path=subsetDEM['output_rastez'l, .
10 cell size dx=30, cell size dy=30, epsg code=26912, IRO DS/Hyd rOShare for Sto rage and

O 0 =] Oh N R3O

11 output raster='MyDemEroj.tif',resample="bilinear')

12 °

. . collaboration
14 cutlet = HDS.create_outlet shapefile (point_x=-111.855, point_y=41.598,

15 output shape file name='Cutlet.shp')

16 outletProj = HDS.project_shapefile (outlet['output shape file name'], "OutletProj.shp',

17 epsg_code=26912)

1

Watershed = HDS.delineate watershed(projectDEM['cutput rastexr']
input outle shapefile url path=putletProj['output_

t epsg_code=26912,

o er="Watershed. tif',

output_cutlet shapefile='movedoutlet.shp')
)

T T I TR R
LR I o I e L )

ListMyFiles(

Result

C:\Python2 7\ AreFIS10.3\python.exe D:/Scratch/CI-WATERDemos,/demo.py

http://bydro-ds.uwrl.usu.edus2 9/files/datas/user £/MyDEM.Eif

8/files/data/user £/MyDemProi.til
files/data user 4/0utlet.zip

http: //hydro-ds. uwrl.usu. edo:

http://hydro-ds. pwrl. usu. edu:

http://hydro-ds. uwrl.usu. edo: ‘files/data user 4 QutletProj.zip

http: //hvdro-ds., uvrl. usu. edos

bhttp://bydro-ds.urrl.nsp.edo: 2

Process finished with exit code 0O

Details in https://www.hydroshare.org/resource/cfb8d71b7f1f4e75a44f5e634f4730d4/ or
search for HydroGate in HydroShare



https://www.hydroshare.org/resource/cfb8d71b7f1f4e75a44f5e634f4730d4/

Summary

1. Web based Cyberinfrastructure for GIS and
Hydrologic Data and Modeling is emerging to
support

e Large datasets
e Collaboration

e Reproducible workflows and results

e And reduce software installation and configuration
limitations.

2. HydroShare and CyberGIS are part of this.

 Interoperability is key to leveraging full potential of
multiple emerging cloud cyberinfrastructure
systems



Thanks to the HydroShare, CyberGIS and CI-WATER teams!
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