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What is Environmental Modeling?

* Mathematical or categorical approximations to
better understand existing processes and
interactions, to improve decision-making and to

estimate what-if scenarios. Usually computer-
based.

« Examine details of the natural /human environment

in ways that are not feasible in physical world.
— Toxic or dangerous environments

— Sites not readily accessible (ocean floor, upper atmosphere)
or quite fragile (certain habitats)

— Complex phenomena or systems (human-environment
interactions)



ample Problem Domains

 Earth systems (geosphere) * Atmospheric systems
— Seismic monitoring — Point-source pollution
— Landscape evolution — Storm Events

* Surface process (biosphere) — Climate Dynamics

— Carbon cycle dynamics * Human systems

— Soil erosion / deposition — Iransportation

— Wildland fire — Landuse / Landcover Change

— Vegetative succession — Demography and Migration
* Water systems (hydrosphere) ¢ Systems Interactions

— Hydrologic flow -- Disaster Response

— Flood prediction - Urbanization

-- Habitat impact analysis

— Water balance
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Geospatial Tools for Environmental
Modeling

— Ground Instruments: GP’S
— Remote Sensing (MODIS, LiDAR, Quickbird, TM)
— GIS (ArcGIS, QGIS, IDRISI, GRASS)
— Statistics (R, Stata, GeoDa)
— Numerical Analysis (Matlab)
— Spatial Analysis (GeoVista Studio)

g.i Pros f%lhiming Languages (C++, Java, Python)



IS as a Modeling Tool

 GIS: computer software environments specifically
designed to organize, manage, and analyze spatial
information (georeferenced data). Their purpose is to
assist in the solution of spatial problems.

« “GIS automates known geographic concepts and ideas...
[and] renders explanations of distributional patterns ot
people, plants, animals, places and things” (DeMers, 2002)

* Notice the focus on spatial pattern. I'll show an example
of recent developments that permit examination of
temporal patterns later on.

DeMers, MN 2002 GI5 Modeling in Raster. NY: Wiley.




(psst... What is georeferenced data?)

» GIS data 1s layered; layers are linked

* Indirect georeferencing
— Layers register to each other (coincident coordinates)

* Direct georeferencing
— At least one layer registers to the planet (map projection)
— Latitude-Longitude

— Geodetic Control
— Terrain data

Vegetation, soils, habitat
Terrain

Parcel boundaries, zoning
Remotely sensed imagery

— Remote sensing




GIS as a Modeling Tool

* GIS modeling makes it possible to explore our
world:
— To examine, explore, and tinker with landscape
components

— To isolate and or integrate them at selected levels of detail
(i.e., resolution or precision)

— To identify what is relevant or superfluous to the question.

All of these activities become
possible without requiring
physical presence in, and possible
consequences to, the places and
processes under scrutiny.




: . The GIS Modeling Process
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Can surface parameters including landcover and slope be used to establish
a relationship between precipitation and river discharge?

1. Start with the science
What is the question, why is it important to ask, what data is relevant

2. Numeric representation
Model Components AEquations AAlgorithm
Implementation and Integration of the Components

3. Evaluation / Validation / Sensitivity Analysis
Internal and external assessment, “what-if?” tests ’,

4. Commumcatlon of results and reliability

. Tabular, Discursive, Visualized

WorldClim gauae stations























































































