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POSITIVE ATTRIBUTESPOSITIVE ATTRIBUTES
•• Robust conceptual frameworkRobust conceptual framework
•• FlexibleFlexible
•• Allows for Allows for ‘‘event drivenevent driven’’ changechange
•• Accommodates cyclic & directionalAccommodates cyclic & directional

changechange
•• Forces us to explicitly state conditions Forces us to explicitly state conditions 

and assumptionsand assumptions
•• Explicitly links management and researchExplicitly links management and research

S & T ApproachS & T Approach



Beyond Boxes and ArrowsBeyond Boxes and Arrows…………
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LIMITATIONSLIMITATIONS

•• HeurisicHeurisic statesstates
•• Transition mechanisms poorly understoodTransition mechanisms poorly understood
•• Probability and rate of change seldom knownProbability and rate of change seldom known

•• •• State longevity?State longevity?
•• •• Likelihood of change to alternate states?Likelihood of change to alternate states?
•• •• What drives or triggers transitions?What drives or triggers transitions?

S & T ApproachS & T Approach



S & T ApproachS & T Approach
Beyond Boxes and ArrowsBeyond Boxes and Arrows…………
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~ Markov Models~ Markov Models
~ Transition Matrix Models ~ Transition Matrix Models 
~ Matrix Projection Models~ Matrix Projection Models



Compute P(change) from a given stateCompute P(change) from a given state
to another state(s)to another state(s)
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Approach:Approach: Classify vegetation in 20 x 20 m grids Classify vegetation in 20 x 20 m grids 
on 1941 aerial photoon 1941 aerial photo

WW =  Woodlands=  Woodlands
WmWm =  W margins=  W margins
GG =  Groves=  Groves
GmGm =  G margins=  G margins
MCMC =  Mature Clusters=  Mature Clusters
PCPC =  Pioneer Clusters=  Pioneer Clusters
HZHZ =  Herbaceous zones=  Herbaceous zones
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Approach:  Approach:  Compare 20 x 20 m grids on 1960 aerial photo with those Compare 20 x 20 m grids on 1960 aerial photo with those 
on 1941 aerial photoon 1941 aerial photo

Change Change 
MatrixMatrix

WW WmWm GG GmGm MM PP HH

WW 0.8730.873 0.2320.232 0.0000.000 0.0120.012 0.0000.000 0.0190.019 0.0000.000
WmWm 0.0750.075 0.560.56 0.0300.030 0.0400.040 0.0290.029 0.0580.058 0.0290.029
GG 0.0070.007 0.0060.006 0.5150.515 0.1210.121 0.1150.115 0.0190.019 0.0290.029
GmGm 0.0070.007 0.790.79 0.2420.242 0.4890.489 0.1640.164 0.1120.112 0.1080.108
MM 0.0000.000 0.0060.006 0.0610.061 0.0350.035 0.2120.212 0.0320.032 0.0100.010
PP 0.0350.035 0.1100.110 0.1520.152 0.2240.224 0.2600.260 0.5750.575 0.4710.471
HH 0.0030.003 0.0060.006 0.0000.000 0.0810.081 0.2210.221 0.1840.184 0.3530.353
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WW 0.8730.873 0.2320.232 0.0000.000 0.0120.012 0.0000.000 0.0190.019 0.0000.000

WmWm 0.0750.075 0.560.56 0.0300.030 0.0400.040 0.0290.029 0.0580.058 0.0290.029

GG 0.0070.007 0.0060.006 0.5150.515 0.1210.121 0.1150.115 0.0190.019 0.0290.029

GmGm 0.0070.007 0.790.79 0.2420.242 0.4890.489 0.1640.164 0.1120.112 0.1080.108

MM 0.0000.000 0.0060.006 0.0610.061 0.0350.035 0.2120.212 0.0320.032 0.0100.010

PP 0.0350.035 0.1100.110 0.1520.152 0.2240.224 0.2600.260 0.5750.575 0.4710.471

HH 0.0030.003 0.0060.006 0.0000.000 0.0810.081 0.2210.221 0.1840.184 0.3530.353
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StationarityStationarity AssumptionAssumption

Transitions between states are Transitions between states are 
constant  over timeconstant  over time

AlternativesAlternatives
•• Develop a Develop a ‘‘mean transitionmean transition’’
•• Develop timeDevelop time--specific transitionsspecific transitions



Computed transitions forComputed transitions for

•• 19411941---->1960 >1960 
(DRY) (DRY) 

•• 1960 1960 ---->1983 >1983 
(WET)(WET)



WW WmWm CC CmCm MM PP HH

WW 0.8730.873 0.2320.232 0.0000.000 0.0120.012 0.0000.000 0.0190.019 0.0000.000
WmWm 0.0750.075 0.560.56 0.0300.030 0.0400.040 0.0290.029 0.0580.058 0.0290.029
CC 0.0070.007 0.0060.006 0.5150.515 0.1210.121 0.1150.115 0.0190.019 0.0290.029
CmCm 0.0070.007 0.790.79 0.2420.242 0.4890.489 0.1640.164 0.1120.112 0.1080.108
MM 0.0000.000 0.0060.006 0.0610.061 0.0350.035 0.2120.212 0.0320.032 0.0100.010
PP 0.0350.035 0.1100.110 0.1520.152 0.2240.224 0.2600.260 0.5750.575 0.4710.471
HH 0.0030.003 0.0060.006 0.0000.000 0.0810.081 0.2210.221 0.1840.184 0.3530.353

WW WmWm CC CmCm MM PP HH

WW 0.9700.970 0.4970.497 0.3730.373 0.1320.132 0.0440.044 0.0880.088 0.0190.019
WmWm 0.0270.027 0.4290.429 0.0900.090 0.1260.126 0.650.65 0.1210.121 0.0860.086
CC 0.0030.003 0.0000.000 0.3280.328 0.1370.137 0.1960.196 0.0360.036 0.0190.019
CmCm 0.0000.000 0.0420.042 0.1190.119 0.4320.432 0.5220.522 0.1700.170 0.2160.216
MM 0.0000.000 0.0000.000 0.0300.030 0.0850.085 0.1090.109 0.1040.104 0.1110.111
PP 0.0000.000 0.0110.011 0.0600.060 0.0950.095 0.0650.065 0.4470.447 0.4750.475
HH 0.0000.000 0.0210.021 0.0000.000 0.0210.021 0.0000.000 0.0360.036 0.0740.074

WETWET
MATRIXMATRIX

DRY DRY 
MATRIXMATRIX
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•• Forward projectionsForward projections
•• 20 y time20 y time--stepssteps
•• WET  WET  vsvs DRY transitionsDRY transitions

randomly selectedrandomly selected
•• Constraint:  P(WET) = 0.40Constraint:  P(WET) = 0.40

Where are we headed?Where are we headed?



How did we get How did we get 
where we are today?where we are today?
•• Compute Compute ‘‘reverse transitionsreverse transitions’’

(1983 (1983 ---->1960  and 1960 >1960  and 1960 ----> 1941)> 1941)

•• Run model Run model ‘‘backwardsbackwards’’ in timein time
-- How long did it take us to get here?How long did it take us to get here?
-- What did things look like preWhat did things look like pre--settlement?settlement?
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What if we  What if we  ……..

•• Change the P(WET)?Change the P(WET)?

•• Change the sequencing of WET and DRY?Change the sequencing of WET and DRY?

•• Compute new transition matrices based Compute new transition matrices based 
on new photo dates?on new photo dates?

•• Compute transition probabilities based Compute transition probabilities based 
on composition of neighboring cell(s)?on composition of neighboring cell(s)?

•• Incorporate episodic eventsIncorporate episodic events



S & T ApproachS & T Approach

Beyond Boxes and ArrowsBeyond Boxes and Arrows…………

•• Dynamic Simulation ModelsDynamic Simulation Models



S & T ApproachS & T Approach
Beyond Boxes and ArrowsBeyond Boxes and Arrows…………

•• Dynamic Simulation ModelsDynamic Simulation Models

•• •• Data intensiveData intensive
•• •• Highly complexHighly complex
•• •• Difficult to customize for specific needs unlessDifficult to customize for specific needs unless

model developer is availablemodel developer is available
•• •• Even then, very time consuming; requiresEven then, very time consuming; requires

expertise in highexpertise in high--level programminglevel programming
•• •• Research Research vsvs management modelsmanagement models



Model MakerModel Maker
www.cherwell.comwww.cherwell.com//

www.hpswww.hps--inc.cominc.com
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low productivitylow productivity
high productivityhigh productivity
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With no fire, Juniper increases regardWith no fire, Juniper increases regard--
less of grazing history or grazing regimeless of grazing history or grazing regime
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Beyond Boxes and ArrowsBeyond Boxes and Arrows…………
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