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Outline

• Knowledge transfer
– Geospatial Extension Program

• Answering the “Where?” question
– Ground-up: The Geospatial Tool Kit (GTK)

– Space-down: Some remote sensing examples

• Collaborative mapping
– Google tools

• Decision support
– RangeView

– Invasive Species Forecasting System (ISFS)

– Multi-criteria Decision Making



I. Knowledge transfer



A Convergence of User Needs and Agency Missions



The mission of NGTEN is…

…to facilitate the practical use of 

Earth systems science and geospatial 

technology, and help meet the growing 

demand for a spatially literate workforce. 

This is made possible through seeds sown by 

NASA, USDA and NOAA, and the networks 

provided by Land Grant (Cooperative Extension), 

Space Grant, Sea Grant and other local partners.



http://geospatialextension.org
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Answering Technical Questions:

eXtension: Map@Syst

http://www.extension.org/



http://www.extension.org/geospatial+technology
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Learning Modules

• Introduction to Mapping

• Image Types and Sources

• GPS Basics

• Handheld Computers 

• Handheld GIS Software 

• Desktop GIS Software 

• Collaborative Mapping with Google Tools 

Moodle is a course 

management system 

(CMS) - a free, Open 

Source software 

package designed 

using sound 

pedagogical principles, 

to help educators 

create effective online 

learning communities. 



Increasing access

Coming soon !!!!

http://gell.arid.arizona.edu/



II. Answering the “Where?” Question

-- Ground-up



Converging technologies

• Windows Mobile, Pocket PCs, GPS innovations

• Smartphones, GPS Enabled Smartphones

– GPS & GIS & Navigation enabled Smartphones?

• Mashups & KML

– Google Earth, Google Maps, Flickr, etc.

• User Created Content

• Google My Maps, Google Groups,  Web Picasa

• Remote Sensing

• Decision Support



• Aerial photos/topos in background

– TerraServer-USA.com

• GPS Receiver

– Garmin GPSmap 60

• Handheld Computer

– Hp iPAQ series PocketPC

• GIS on the handheld

– StarPal HGIS, ESRI ArcPad

• GIS on the desktop or laptop

– HGIS and ESRI ArcView

The Geospatial Tool Kit (GTK)

HGIS

Original concept for 

the GTK was developed 

by USU’s 

Phil Rasmussen



Diné College student Nora Jeli trains NPS staff on the GTK

Using the “Geospatial Tool Kit”



Equipment Options



Recent GPS/GIS integrated solutions

HP iPAQ rx5915 
Travel CompanionTrimble Juno ST

Both these units combine a Handheld Computer and a 
Integrated SiRFstarIII GPS receiver – the best integrated options 
we are aware of. You can add HGIS or ArcPad to each of these. 
The Juno ST sells for $650 and the iPAQ for $600 ($410 even!).



Software/Database Options

• What is the best system?  The one you use!

– For invasive species, is it WIMS? GeoWEED? The new BLM 

system? The new Forest Service system?

– The one most commonly used by you/those you are working with…

– The one that gets the job done

Selected screen shots from the BLM Invasive Species Management Information 
System (courtesy of Kathie Jewell)



GPS-enabled mobile phones

Boost Mobile: http://www.boostmobile.com/



GPS-enabled mobile phones

Loopt: https://loopt.com/



The Future Is Now

amAze - is for the Java-enabled mobile 
phone, which can provide and voice guidance 
to any destination; search or define any 
location by its address; search and navigate 
to businesses listed in yellow pages 
directories.

G3 Project - provides tracking, 
archiving and geotagging features, 
with the help of Google Maps and 
Google Earth, of any Java-capable 
mobile phone connected to a GPS 
receiver. http://www.maps-gps-info.com/fgpfw.html



II. Answering the “Where?” Question

-- Space-down



High Resolution Imagery (QuickBird) 

to Monitor Conifer Encroachment

• Neal Wilkins, TCE, Texas A&M 

• Amy Hays, Land Information Systems, 

Texas Cooperative Extension (TCE)

• Jeff Mosely, Montana State University

• John Boren, New Mexico State University

• Red Baker, New Mexico State University



Examples of Conifer Encroachment



Texas – Classification from QB



New Mexico – Classification from QB



Montana – Classification from QB



Buffelgrass

Case study: Remote sensing of buffelgrass in the 

Arizona Uplands of the Sonoran Desert

This is the edge of a large patch…



This is the center of the same patch



Evaluating importance of  spatial, spectral, and 

temporal resolution to determine an operational 

method for detecting and monitoring buffelgrass

• Case Study: foothills of Santa Catalina Mountains
– High spatial imagery

• 0.25m true-color aerial photography

• 1m true-color plus NIR digitial orthophoto quarter quads (DOQQ)

– Multispectral imagery (Landsat)

– Landsat: 3 visible, 1 NIR, 2 SWIR
• ASTER: 2 visible, 2 NIR, 6 SWIR

– Multitemporal imagery:
• Summer dry ASTER + summer wet ASTER

• Summer dry ASTER + summer wet Landsat

• Summer wet ASTER + fall dry ASTER

• Summer wet Landsat + fall dry ASTER

• To improve classification accuracy, we incorporated ancillary data:
– Digital elevation model (DEM) – climate constraints on buffelgrass 

growth 
• Aspect, slope, elevation

– Texture – buffelgrass expected to be more homogeneous
• Neighborhood variance (3x3, 5x5, 7x7)

Aaryn Olsson, Stuart Marsh, Corrie Hannah, Kyle Hartfield, Univ. of Arizona



0.25m orthophotos



DOQQ (blue, green, red, NIR)



ASTER



Landsat



Topography (Aspect, Slope, 

Elevation)



Results

(in progress)

• Multi-date classification is more accurate than 
single date classification

• High spatial resolution is more important than 
high spectral resolution

• Texture does not help – landscape is too 
heterogeneous

• 0.25m true color is better than 1m color-IR

– Commission errors

• So far, it looks like heads up digitizing of 
high-resolution imagery is better than 
automatic classification



III. Collaborative mapping



Buffelgrass “Mega-Eradication” Effort-August 2006



A Cooperative Effort With:

UA/USGS 
Desert Lab

Tucson Parks and 
Recreation

AZ Game 
and Fish

Pima College 
West

“A” Mtn Community 
Association

Panorama Estates 
Neighborhood 
Association

Starr Pass Environmental 
Enhancement Fund

Pima County

US Fish & Wildlife 
Service

Pima County NRPR & 
Flood Control



Volunteered geographic information 

(VGI)



Picasaweb – with geocoding



Flickr – with geocoding



Citizen science-based mapping



Can we use other C.S. data?

Citizen science!

Precipitation data to answer:

“Where is buffelgrass green today & tomorrow?”



Model buffelgrass phenology

• Productivity

A = f(soil moisture, 
temperature) 

• Senesced dormancy is 
broken when soil moisture 
“sticks around”

– 5 days minimum to 
greenup after onset of 
monsoon (Bean 2008, 
personal communication)

• Cold dormancy around 10 
degrees C

• Mortality when temperatures 
held below 0 C for 8 hours 
(Duke 1983)

Use C.S. rainfall to estimate soil moisture, one of 

several factors driving a phenology model

Productivity based on soil moisture

Productivity based on temperature
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Buffelgrass greenness – rain event
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Buffelgrass greenness – 2nd rain event
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Buffelgrass greenness – starting to dry out
G

re
e
n
n
e
s
s
 >

>
>

>
>



Buffelgrass greenness – continue to dry, with 

occasional small convective rain events
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Buffelgrass greenness – large rainfall 

event east of Tucson
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Buffelgrass greenness – drying out again
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How about direct C.S. measures?
P

ro
je

c
t 

B
u

d
B

u
rs

t,
 a

N
a
ti

o
n

a
l 
P

h
e
n

o
lo

g
y

N
e
tw

o
rk

 I
n

it
ia

ti
v
e

h
tt

p
:/

/b
u

d
b

u
rs

t.
o

rg



Can we engage youth?

…if it is cool!







Beyond the field…
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IV. Decision support



“RangeView’s decision support tool opens the door to the information inside NASA 

satellite imagery that we believe is a vital part of the future of ranching in Arizona.” 

John A. Scammon, Executive Director, Arizona Cattle Growers’ Association (12/15/03)

Before Aspen Fire During Aspen Fire After Aspen Fire

http://rangeview.arizona.edu
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“RangeView’s decision support tool opens the door to the information inside NASA 

satellite imagery that we believe is a vital part of the future of ranching in Arizona.” 

John A. Scammon, Executive Director, Arizona Cattle Growers’ Association (12/15/03)

http://rangeview.arizona.edu



MODIS Time Series

…to map invasives













A Buffelgrass Decision Support System

Aaryn Olsson, George Frisvold, Ferenc Szidarovszky, Travis Bean, 

Julio Betancourt, Barron Orr, Stuart Marsh



Designed with Data from Tumamoc Hill

• Tumamoc Hill is home to the 
University of Arizona’s Desert Lab
– Situated within Tucson

– Buffelgrass expanded from a few plants 
in 1983 to saturation on this 1 sq. mi. 
property in 2005.

– Highly visible from Tucson

• It has become very popular for 
research, recreation, and commerce
– Early human settlement - archaeology

– Long-term saguaro studies - ecology

– Highly visible to most of Tucson -
recreation

– Convenient for communication towers -
commercial

1983

2005
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Buffelgrass Decision Hierarchy for Tumamoc Hill



Pairwise comparisons

Saguaro Density            Buffelgrass 

Suitability



Pairwise comparisons

Structures                        Visibility



Use some mathematics to derive 

weights from the pairwise 

comparisons, then add them up

W1* +W2* +W3* +W4*

W5* +W6* +W7* +W8*

W9*

+ W10* (

(

)

)

= ?



Three different risk layers

Ecology important Infrastructure important All equal

Here are three possible outcomes, 

depending on how we rated our 

comparisons

High Risk

Low Risk

Legend



“Risk” vs. “Damage”

• We use risk to prioritize treatments

• Risk refers to the priority given to parts of 
the landscape if they are infested with 
buffelgrass

• So, from the previous slides, we have 
“risk” – now we need to know where the 
buffelgrass is and will be.

• Damage is the actualization of risk, given 
that buffelgrass is on the landscape.

• Thus, Damage = Risk * Buffelgrass



Objective: Minimize “Damage”

• Minimize damage over some planning horizon 

(e.g., 10 years)

• Given:

– Initial distribution of buffelgrass

– Resources (yearly budget, number of sprayers, laborers)

– Constraints 

• Spatial constraints on types of treatments (e.g., roadside 

spraying is only applicable along roads)

• Limited treatment window

– Dynamic spread

• What? You mean it’s spreading?



Sabino Mountain Estates 

(1996) 



Sabino Mountain Estates 

(1998) 



Sabino Mountain Estates 

(2002) 



Sabino Mountain Estates 

(2005) 



Next, run the spread model

Total population growth of buffelgrass at Sabino Mountain Estates: 1996-2005

y = 3E-265e0.3063x

R2 = 0.8742
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Sabino Mountain Estates

Exponential Curve Fit

fecundity (f) = Area under curve from Nt to Nt+1,

divided by Nt. - This assumes all growth is from

dispersal, which was an assumption of the data

collection (buffelgrass was either present or 

absent; hence, new buffelgrass had to have been

dispersed to its location rather than grown from 

existing populations).

Fit curve to histogram of 

per capita propagule 

production as a function of 

distance y = 0.1281e-0.3673x

R2 = 0.8987
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Fecundity is the number of 

propagules produced by a 

population



Simulations of Spread (T=1)

Watch the blue cells 

expand over time



T=2



T=5



T=10



T=15



T=20

Saturated



DSS Outputs = Recommendations

• Best use of existing resources

• Table of scenarios

– Do nothing

– Use of existing resources

– Use of resources as a lump sum

– Fewer resources (-33%, -50%)

– More resources (+50%, +100%)

• Yearly maps of recommended treatment 

areas



Acacia
Betancourt


