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Geomorphology — study of Earth’s surface processes

« How do century-long sequences of fires, storms, and
floods influence stream characteristics over entire
river networks?

« How do salmon populations respond to those climate
drivers?

« How do human alterations to these drivers affect
those populations?




To answer such questions, we needed a
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Data structures to characterize temporal and spatial
interactions between landscape elements
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Field observations => simulation models

Identify processes. Quantify rates. Model interactions over space and time.

Linked process-based

and empirical,
stochastic models:
* Fires

Storms

Floods

Forest growth
Landslides
Debris flows
Bank slumps
Soil Creep
Fluvial transport
Wood recruitment
Jam formation
Wood transport
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Research questions:

« How do century-long sequences of
fires, storms, and floods influence
stream characteristics over entire
river networks?

« How do salmon populations respond
to these climate drivers?

« How do human alterations to these
drivers affect those populations?

Applied questions:

« Which stream reaches have high potential for
providing aquatic habitat?

« Which stream reaches are sensitive to
increases in water temperature?

« How big do stream buffers need to be to
maintain adequate shade?

« Which road segments produce the most
sediment delivered to streams?

« Which slopes pose landslide hazards?

« Where would thinning (cutting trees) to reduce
fuel loads produce the largest reduction in
post-wildfire sediment production?




How applied questions often get addressed:




Virtual watershed: a digital environment linking landforms with physical and
biological processes in context with human activities and infrastructure

Computer based

« Link existing models Atmosphere
and data Terrestrial- I

« Simulate interactions fluvial routing
* Try different scenarios (discretize) -
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« Share tools

« Common methodology
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NetStream

An integrated Fortran library:
« DEM processing

v’ Filtering, adaptive smoothing
v'Multi-scale surface metrics
v Flow routing

Image processing
v' Segmentation of water masks
Hydrology

v Network extraction

v' Linked-node network
Floodplain delineation

Tree-fall

Landslide initiation and runout
Road network hydrographs and
sediment flux

NetMap nttps://www.netmapportal.com/

Data sets for watershed characterization
Technical documentation
Web browsers
ArcGIS add-in with modules for:
« Channel network delineation and attribution
 Habitat intrinsic potential
 Solar insolation - shade
« Road-network analyses
 Floodplain elements
 Riparian zone delineation
« Wetland delineation
« Wood recruitment
* Pre- and post-fire erosion
» Ranking, prioritization



https://www.netmapportal.com/

Updating the
National
Hydrographic
Dataset using
channel networks
derived from
digital elevation
data in Alaska

HYDROGRAPHIC MAPPING OF THE MATANUSKA-SUSITNA BASIN IN SOUTH CENTRAL ALASKA
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Mapping A Community Rich In Aquatic Resources
Encompazing over 25,000 square mile2, the Mat-Su bagin Iz fich In 3quAtic resources and freshwatsr habitat upon which healtny wild salmon flsheries a2 well 3 Alaska's fastest growing human population and economies depend.

e e comyg 0¥ MINNESEA
However, current mapping of hydrography. along With economic, soclal and ecological values Gs00ciatsd with waters and floodplaing In Alaska, fo Insdequats to Support critical needs In community planning, flood mapping, ecological risk
ssoesement and mitigation planning for sgimon and other aqUAtic resources. However, In recent years, significant Investments Ngve been made In the Mat-Cu basin to secure high resolution topographical data and serial photography, largely
through the Mat-Su LIDAR and Orthoimagery project and the Alaska Statswids Digitsl Mapping Inftistve. These projects maks avallable, for tne firet time, highly etalled topographic information from which we can meacure and map
hydrogsomorphic conditions st a fine acals over the 25,500 square mile Mat-Su basin

An Active Collaboration: How The Project Began

In the fail of 2013, The Nature Conservancy, Alazka Chaptsr Intiated a hydrographic mapping and analysis program in the Mat-Cu basin uaing tess newly svatlable topographic dsta to map all Iakes, fivers and streams to a level of quailty and
technical specification sultable for ingest Into the USGS National Hydrographic D3tabase and the Alacks statewlde hydrographic program. By mesting tate and federal mapping standardz. we engure this Program i freely avallabie for use by
sgencles, private and 1o support decisions which atfect Mat-Su freshwater resourcas.

During the wintsr of 2014, TNC proposed & partnership with several organizations and agencies akeo Intsrestsd in hycrographic mapping In
the Mat-Gu bssin. By the spring of 2014, an acthve colaboration of funding sgencies and contracting organizations has grown including
the USGS, USFWS, NFWF. private firms, universities and local conservation groups.

1t Is the Intsnt of thiz project not only to Incresse our knowledge of Mat-Su hydrographic resources, but ako 1o create 3
single. Intsgrated Mat-Cu basin-wide hydrography dstacet derlved from a common mathodology that iz linked 1o the
basemaps and topography of the recent Mat-Su LIDAR and Ortnoimagery project and the Statewide Digital Mapping

Designing The Project: Mesting A Wide Spectrum Of User Needs.
The flaganip products from this Work are geometric nstworks of nydrologic fiow as well s 3 sults of
seconcary hydrographic Gatazets to Support ecological ciasaification, flood and haditat rick
asse3sment, ecozystsm servics valuation and decizion-support for balancing of conservation
and resource development.

The Mat-Gu Hyaro mapping program conaists of two phaces: a modeling pnace
Whers 8 network Of nyGrographic CONMeCtVRy, Of Seam NETWOIK, i
developsd anc a valldation pnase Whers the siream network Iz reviewsd

for accuracy by an independent third party organization and verified
In tne fieid.
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Linking to python
and R scripts to

build ArcGIS
toolboxes

Probability of
wetland occurrence
derived from
topographic
attributes using
machine learning
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https://github.com/DanMillerM2/ForestedWetlands

Watershed restoration planning.

Coho IP model using new
& more accurate floodplain
mapping (2x) :
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Studies and analyses using this software are widely documented in published literature
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An integrated Fortran library:

DEM processing

v’ Filtering, adaptive smoothing
v Multi-scale surface metrics

v Flow routing

Image processing

v' Segmentation of water masks
Hydrology

v" Network extraction

v’ Linked-node network
Floodplain delineation

Tree-fall

Landslide initiation and runout
Road network hydrographs and
sediment flux

Source on Subversion repositories

- move to github (?)

- GPL v3

Compiled binaries available for windows

Not well documented (yet)

dan@terrainworks.com

github.com/DanMillerM2
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