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STATE & TRANSITION
MODELS

• Conceptual vegetation models
• Different succession models
• Depict changes rangelands 
• Response to climate and/or 

mismanagement
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STATE & TRANSITION
MODELS

• Aid land managers 

• Anticipate consequences of 
management decisions 

• Identify management decisions 
leading to desired outcomes
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STATE

TRANSITION

What are the boxes 
& arrows?????
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BOXES
• VEGETATION STATES

– Different distinctive plant 
communities that may exist on 
an ecological site.  Not easily 
reversible

• Communities
– Changes in the dominant or 

significant species. Easily 
reversible
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ARROWS
• TRANSITIONS

– Events or actions that cause a shift        
from one state to another. Not easily 
reversible

• COMMUNITY PATHWAY 

– Changes in plant abundance. Easily 
reversible
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Sideoats grama, other grasses 20-35%

False mesquite, shrub buckwheat 5-15%

Other shrubs 1-10%

Annual forbs & grasses fluctuate climate 
(drought/ El Nino)

Shrubs succulents dominate 

Lesser perennial grasses

Annual grasses fluctuate with climate 
(drought/ El Nino)

Mimosas and mesquite 10-35%

Mimosas and mesquite sprout after fires 

Other shrubs/succulents 5-20%

Understory annuals and half-shrubs

Trace perennial herbs

SHRUB INCREASE

Lehmann lovegrass invades 
dominates

Native perennial herbs minor amounts

Native plants persists in rock outcrops 
and canyons

Lehmann lovegrass more dominant 
with repeated fire

LEHMANN LOVEGRASS

Fire/Drought/Grazing

Roads, Trails introduce lovegrass

Drought / Fire

Continuous heavy grazing

Unknown

Unknown

Drought, Climate Warming 

Continuous heavy grazing

D. Robinett, NRCS
NATIVE GRASS, FORB 
HALF SHRUB
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GAMEBOARD
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Objectives
1. Use state & transition 

models 
– illustrate interactions 

between climate 
variability/change and 
range management 
activities
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2.  Explore how state and 
transition models are 
constructed 

– highlight 
strengths/weaknesses 

– assumptions 
– new information needs

Objectives
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Objectives
3. Assess needs

– research
– applications
– tools
– data
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Situation
• Small groups are management teams
• 1000 acre sacaton/loamy bottom parcel
• ‘birdseye view’ of 60-year management 

period with 10-year decision windows
• parcel has been historically grazed (60 years) 
• currently has stocking rates based on site 

potential
• management objective (continued grazing or 

towards protection) will be determined
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What you need to play
• Instruction Sheet
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What you need to play
• Worksheet
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What you need to play
• Lookup Table
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What you need to play
• State & Transition Model (Game board)



Climate Change & Range Management: The Game of States and Transitions



Climate Change & Range Management: The Game of States and Transitions

What you need to play
• Climate Data
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Overview
• Use a state & transition model as the 

framework to discuss the complex 
interactions between climate and 
management actions.
– Assigned initial state
– 10-year decision windows
– Disturbances and financial condition are 

determined by chance for each decision 
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• Climate data are presented in 10-year 
decision periods
– Artificial future time series created from 

real Arizona climate data
– Same precipitation time-series structure 

(interannual/interdecadal variability)
– 1° F/decade trend in temperature imposed 

on historical Arizona time series

Overview
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Overview
• Transitions are determined by analyzing the 

climate time series for each decision period
– Patterns in temperature and precipitation (wet vs. 

dry periods)
– Seasonality (winter vs. summer)
– Interactions between temperature and 

precipitation (higher temperatures mean higher 
evapotranspiration rates)

– Interactions with disturbances and management 
actions (financial condition governs possible 
management actions)

• Results from each group are discussed and 
transcribed at the end of the breakout period.



Climate Change & Range Management: The Game of States and Transitions

Example 
Game Board
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Instructions
• Get all of the game parts organized 

and assign one person in the group 
to keep notes on the worksheet.

• Fill out first line of worksheet
7 production native grasses
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DESIRED PLANT 
COMMUNITY

•Vegetation state that has been 
identified to provide uses and values 
desired for the site.

•Must provide adequate 
protection for the site.
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Instructions
• Get all of the game parts organized 

and assign one person in the group 
to keep notes on the worksheet.

• Fill out first line of worksheet
7 production native grasses
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Instructions
• Look at the first entry on your worksheet 

labeled ‘1’ under the decision period 
column. If this is the first decision period, 
list your assigned initial state. List the 
ending state from the previous decision 
period if you are beyond first period.

native

grasses

7 production native grasses
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Instructions

• Roll to determine your disturbance and 
financial condition for the decision period

Climate &

Invasives
Good

7 production native grasses

native

grasses
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Instructions
• Analyze climate data for 

decision period (don’t 
peek ahead!)

– Sequences of wet and 
dry years

– Prolonged periods of 
above/below average 
temperature and/or 
precipitation

– Extremes and their 
potential impact within 
the decision period

– Seasonality of 
temperature and 
precipitation
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Instructions

• Disturbance within 
decision period? 
(Determine when you think 
the disturbance is most 
likely to occur with respect 
to the climate information 
given and use this in your 
discussions)
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Instructions
• Use management options 

on lookup table
– Manage to move to 

another state or stay at 
current state

– Use management 
options in concert with 
climate data and 
potential disturbances

– You can not use 
expensive management 
options during a 
decision period if you 
are in poor financial 
standing!
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Putting it all together!

native

grasses Climate &

Invasives
Good Herbicide control of

non-native species
No change; adequate
precip through period; herbicide 
control effective

7 production native grasses

native

grasses
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Move on to next decision 
period…

• Discuss as a group the interaction between the climate time 
series, the disturbance, management options used and the 
state & transition model. This is a thought exercise with no 
right answers, so be creative!

• When finished with a decision period, move on to the next 
(repeat steps 4-7). There are a total of six decision periods 
that cover the period from 2010 to 2069.

• After all groups are finished with as many decision periods 
as possible in the time allotted, we will discuss results from 
each group worksheet.

Climate &

Wildfire Good Rest Rotation Grazing
No change; adequate summer
precip through period; quick 
recovery after fire

7 production native grasses

native

grassesnative

grasses

native

grasses
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Continue with next decision period or 
finish up…

• When finished with a decision period, move on to the 
next (repeat steps 4-7). There are a total of six 
decision periods that cover the period from 2010 to 
2069.

• After all groups are finished with as many decision 
periods as possible in the time allotted, we will 
discuss results from each group worksheet.

Sacaton

Grassland Climate &

Wildfire Good Rest Rotation Grazing
No change; adequate summer
precip through period; quick 
recovery after fire

7 production sacaton

Sacaton

Grassland

Sacaton

Grassland
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Sacaton Grassland
1, 7, 

Eroded, Sacaton

Mesquite, Sacaton

Exotics

Annuals

Eroded, Mesquite

Sacaton Grassland

1, 7

Eroded, Sacaton

Mesquite, Sacaton

Exotics

Annuals

Eroded, Mesquite
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Let the games 
begin!


