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. Typical Sonoran Desert
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L8 | adapted to fire.

Perennial buffelgrass
forms dense stands,
crowds out native
vegetation, and readily
carries fire.




Spraying with Glyphosate the most
effiective control method
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. e D effective when plants have
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T tis &Y Rains uncertain & infrequent
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Conclusions Eilrst

Annual treatment budget determines damade path

lireatment start year doesi not affect trajectory: of this path,
justihow: seen yeu det on it

“Rules o thumb™ used by land managders provide significant
damage reductions

Reseurce; sharing, not necessarily: beneficial I agencies have
diffierent objectives

Stakeholder response to results:
s Revisit local eradication as strategy.
s Does possibilty of eradication change gains to cooperation?



Objective Function: Minimize
Damage: Index: subject to

Resource constraints (Budget & [abor)

Bufiielgrasst population dynamics equations

s Calibrated based! on historicall observations of Tiumamoc Hill
Deserti Researchr llab (DRIE)

Treatment; (time) cost: function
» EStimated via OLS based on DRL treatment: data
s [Labor time the binding constraint
s Cost depends on plant density, distance from road, slope
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Damade; Function

Damage caused by buffelgrass inia cell’ depends on
s Pepulation density: in: cell

s Cells proximity to resources at risk (exponential decay)
D = A Saguaro +A, Riparian + (1 — As ) House

s Saguare = risk to; saguaros

a Riparian =i risk to riparian Vegetation

s House = fire risk to housing



Buifelgrass: population; dynamics

Pre-treatment population at t depends on
s Pepulationiat t — 1

s Pepulation| in surrounding cellsiat t — 1

s Carrying capacity: (K)

Pest-treatment: population
s Pre-treatment: population x (1" — k)
s k= 0.9 based on| Desert Research Lab data

= [Locall eradication (poEuIation driven to) 0) deesn't oceur
(welllfcome back to this)

2,000 interrelated, non-linear state equations
s [his is rocket science!



Control Strategies
(given binding labor constraint)
Eull dynamic eptimization: diffictit

Static optimization

Rules oft thtumb

s - [reat twice give
PIrevIoUS, Vear for t

= \Weight' treatment
capacity, K

(rank based on D)€ ratio)

PIIOrILY, o acres treated! in
e first time

prierity: based on carrying

s RUles of thumbs introduce; dynamic considerations
Into static optimization



“Tleach your parentsiwell . . .~
-Crosby, Stillstand Nash
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Iihe Morbuzakhy isi threateningl the lia-Metruifoundry. Can yourhelp
\/akama stop! it before the protodermis fses out off control?
Download the game and try’ your skill'on' your desktop!

http://www.lego.com/eng/bionicle/games/morbuzak.aspx



Can NEUFISTICS & strategies be
JEVEIOPEQ! DY rlmmru SIMUIations?




Data Layers

Cost function

x| Plant Density.

s Distance from/ Road
s Slope

Resources ati Risk
s Riparian: Vegetatin
s [Houses

2 Saguaroes

= Others Possible



Data Layers

Carying capacity, K
s Aspect

= Soill Type

s Disturbance

x Altitude

Damage
= Population: Density
s Proximity’ tor Resources at Risk



Tumamoc / A Mountain as Test Site

2,000 acre site

s Multiple entitiesimanaging land

s U of A, USGS, DO, City Parks & Rec, Homeowners
ASSOcIation

Datal layers) are; Excel woerksheets

s Each acre on map: represented by Excel cell
s Excel keeps track ofi spatiall relationships

s Automatically’ generates maps



Disadvantages

Not Ul dynamic eptimization

x| Static optimizationtis al lower bound of
effectiveness

s Rules off thumb improve results
s Dontt know! how/ fiar We are fom; optimum



Advantages

People can input spatial datal inte Excel
Excel Selver generates maps| off Where: to: spray.

Alternative torusing Selver
s Damage / Cost ratiormaps
s [his just anether linked spreadsheet

s Using “Surface” option in Charts canibe used to
Create maps off prierity: areas for treatment

Recommendations easy. tor Interpret



Damage / Cost Ratio & Treatment
(Underlabor time constraint)

Recommended treatment area D/C ratio obtained from simple
Based on Excel Solver spreadsheet formulas

00-5 @5-10 m10-15




- Labor lowers damagde trajectory:




Saguare Damagde as al Function of
Start Year:




Damage Converging to New, Lower
lirajectory,




Population repounds; because
k = 0.9

Should we model
possibility of
local eradication?




[Housing Damage as ai Function of
Start Year:




Riparian Vegetation Damagde as a
Function: ofi Start: Year




Buffielgrass Pepulation, t = 30
lireatment start t = 20

Minimize Saguaro Risk: Minimize Housing Risk:
Saguaro stand protected Population lower near
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Riparian Vegetation Damage Index
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Housing Damage Index
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Saguaro Damage Index
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Gains from Cooperation?

SUPpPOSE

a Player 1" wants ter minimize damagde; to: envirenmental
@SOUICEs

s Player 2 wants ter minimize; fire risk tor heuses
s Eachimanages)land within thelrr ewn: boundaries

Canl each be better ofif by: shaking rESOUKCES?
s Noti so far, in prelimary: simulations

s Better to "go it alone™ iff youl have different objects
than neighbors?



REcap

Approach allows fer laptop-based decision
SUPPOrT

x Develops easy te Implement decision rules

s " Rulesioff thumb’” currently: used
Better than static eptimization
How. close to) dynamic optimum?

Ongeing Work

s Strategic behavior by: diffierent: land management
entities

s Under'what: circumstances might their be gains: firom
Cooperation

s IS local eradication fieasible?
s [How might that change results?
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