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Agenda 
ÅToday: 

ÅThe National Science Analysis 

ÅPreparing Data for Analysis 

ÅApplication of Products 

ÅBasics of Belief Nets 

ÅTomorrow: 

ÅExercise #1: Pivot Tables 

ÅExercise #2: Naïve Networks 

ÅExercise #3: Bayes Networks 

ÅWrap-up 
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Data (county scale) 

Maps 

Bayesian Belief Networks/Pivot tables 

Landscape Classes/Community 
Clusters 

Combinations 

Options 

Priorities 

Action 

bh²Χ 

Å Bayesian Statistics and Belief 
Networks 

Å Examples of some interesting 
networks 

Å Using Netica 



What are Bayesian models? 

ÅA model that reflects the state of some part of the world and 
how they are related by probabilities. 

ÅExamples: your house, or your car, your body, your community, 
an ecosystem, a stock-market, etc.  
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What are Bayesian models? 

ÅStates of the model represent all 
the possible worlds (or scenarios) 
that can exist 

ÅYour body can be sick or healthy,  
you can exercise or not, you can 
eat well or eat junk food. 

ÅSome states occur more 
frequently than others when 
other states are present.  
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What are Bayesian models? 

ÅStates of the model represent all 
the possible worlds (or scenarios) 
that can exist 

ÅYour body can be sick or healthy,  
you can exercise or not, you can 
eat well or eat junk food. 

ÅSome states occur more 
frequently than others when 
other states are present.  

ÅMonday = less exercise 
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What are Bayesian Statistics? 

Å! ŦƛŜƭŘ ƻŦ ǎǘŀǘƛǎǘƛŎǎ ǘƘŀǘ ŜȄǇƭƻǊŜǎ ŜǾƛŘŜƴŎŜ ŀōƻǳǘ ǘƘŜ άǘǊǳŜέ ǎǘŀǘŜ 
of the world 

Å9ȄǇǊŜǎǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǇǊƻōŀōƛƭƛǘƛŜǎ ƻǊ άŘŜƎǊŜŜǎ ƻŦ ōŜƭƛŜŦέ 
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What are Bayesian Statistics? 

Å! ŦƛŜƭŘ ƻŦ ǎǘŀǘƛǎǘƛŎǎ ǘƘŀǘ ŜȄǇƭƻǊŜǎ ŜǾƛŘŜƴŎŜ ŀōƻǳǘ ǘƘŜ άǘǊǳŜέ ǎǘŀǘŜ 
of the world 

Å9ȄǇǊŜǎǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǇǊƻōŀōƛƭƛǘƛŜǎ ƻǊ άŘŜƎǊŜŜǎ ƻŦ ōŜƭƛŜŦέ 

ÅExplores the influence that one parameter has on another 

ÅEvidence can change the likelihood of something occurring. 
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What are Bayesian Statistics? 

Å! ŦƛŜƭŘ ƻŦ ǎǘŀǘƛǎǘƛŎǎ ǘƘŀǘ ŜȄǇƭƻǊŜǎ ŜǾƛŘŜƴŎŜ ŀōƻǳǘ ǘƘŜ άǘǊǳŜέ ǎǘŀǘŜ 
of the world 

Å9ȄǇǊŜǎǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǇǊƻōŀōƛƭƛǘƛŜǎ ƻǊ άŘŜƎǊŜŜǎ ƻŦ ōŜƭƛŜŦέ 

ÅExplores the influence that one parameter has on another 

ÅEvidence can change the likelihood of something occurring. 
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Historical pattern 

/ƻƴǾŜǊǘŜŘ ǘƻ άǎǘŀǘŜǎέ 

How are probability models expressed? 

ωHistorical data provide a 
starting point of probabilities 
across a range of states or 
some gradient 
 

ωConsidered as states, any 
portion of the distribution 
can be thought of and 
modeled as a scenario 
 

ωWhen there is no reliable 
data to start with, states can 
be assigned a uniform 
distribution. 
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Historical Footnote 

ÅThomas Bayes (1701-1761).  First articulated what is known as Bayes 
Theorem in a paper published after his death in 1762. 
 

Å²Ƙŀǘ ƛǎ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ά!έ ǿƘŜƴ ŀ ƴŜǿ ǇƛŜŎŜ ƻŦ ŜǾƛŘŜƴŎŜ ŀōƻǳǘ ά.έ 
appears? 
 

ÅThis is the basic concept behind Bayesian Statistics that started growing 
ƛƴ ǘƘŜ мфрлΩǎ ŀƴŘ ƘŀǾŜ ǊŜŎŜƴǘƭȅ ŜȄǇŀƴŘŜŘ ǿƛǘƘ ǘƘŜ ŀŘǾŜƴǘ ƻŦ ŀŘǾŀƴŎŜŘ 
computational methods and computers. 
 

ÅLƴ ǘƘŜ мфулΩǎ ŀƴŘ ōŜȅƻƴŘΣ WǳŘŜŀ tŜǊƭ ŀƴŘ ƻǘƘŜǊ ŎƻƳǇǳǘŜǊ ǎŎƛŜƴǘƛǎǘǎ 
adopted and expanded Bayes theorem to develop analytical models of 
cognitive reasoning, which gave rise to Bayesian networks. 



Basic concepts 

Smoke Fire 

Causal Reasoning 

Diagnostic Reasoning 



Add probability histograms and conditional linkages 

Fire Event

None
Wildfire
Other

33.3
18.1
48.5

Observed Smoke

None
Light
Heavy

33.3
40.6
26.0



Causal Reasoning 

Fire Event

None
Wildfire
Other

   0
 100

   0

Observed Smoke

None
Light
Heavy

   0
10.0
90.0

Diagnostic Reasoning 

Fire Event

None
Wildfire
Other

   0
83.3
16.7

Observed Smoke

None
Light
Heavy

   0
   0

 100



Add complexity for Fire Lookout 

Fire Weather

Low
Medium
High

33.3
33.3
33.3

Ignition

None
Prescribed
Other

33.3
33.3
33.3

Land Cover

Developed
Agricultural
Natural

33.3
33.3
33.3

Observed Smoke

None
Light
Heavy

33.3
40.6
26.0

Fire Event

None
Wildfire
Other

33.3
18.1
48.5

Sound Alarm

No Action
Sound Alarm

63.7037
-30.370

U



Example 1: heavy smoke in forest 

Fire Weather

Low
Medium
High

23.5
35.5
41.0

Ignition

None
Prescribed
Other

   0
27.5
72.5

Land Cover

Developed
Agricultural
Natural

   0
   0

 100

Observed Smoke

None
Light
Heavy

   0
   0

 100

Fire Event

None
Wildfire
Other

   0
80.3
19.7

Sound Alarm

No Action
Sound Alarm

-60.563
110.563

U



Example 2: Light smoke in croplands 

Fire Weather

Low
Medium
High

   0
   0

 100

Ignition

None
Prescribed
Other

   0
68.0
32.0

Land Cover

Developed
Agricultural
Natural

   0
 100

   0

Observed Smoke

None
Light
Heavy

   0
 100

   0

Fire Event

None
Wildfire
Other

   0
9.28
90.7

Sound Alarm

No Action
Sound Alarm

81.4433
-31.443

U



Bayes Network 

ÅA type of structure for a network 

ÅAssumes that nodes have conditional dependencies on each 
other that are shown in an acyclic graph. That is, the graph has 
no cycle or start point. 

ÅThere are cause and effect relationships among many nodes 
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Bayes Network: Body Weight 
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Bayes Network: Fire Lookout 
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Fire Weather

Low
Medium
High

   0
   0

 100

Ignition

None
Prescribed
Other

   0
68.0
32.0

Land Cover

Developed
Agricultural
Natural

   0
 100

   0

Observed Smoke

None
Light
Heavy

   0
 100

   0

Fire Event

None
Wildfire
Other

   0
9.28
90.7

Sound Alarm

No Action
Sound Alarm

81.4433
-31.443

U
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Bayes Network:  Prescribed Fire Network for Science 
Analysis 



Naïve Network 

ÅA type of structure for a network 

ÅAssumes that all nodes (or data variables) are independent and 
that the presence or absence of a node is unrelated to the 
presence or absence of another node 

ÅThere is no cause and effect relationship among all nodes 
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Naïve networks 

ÅEach node contributes independently to the network 

ÅParticularly useful for exploring large datasets 
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Naïve networks 

ÅEach node contributes independently to the network 

ÅParticularly useful for exploring large datasets 
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Naïve Network: Science Analysis 
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Naïve Network: Science Analysis 
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Naïve Network: Science Analysis 
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Naïve Network: Science Analysis 



Why Use Belief Networks? 

ÅProvides reasoning for the information you have (and 
uncertainties); does not provide answers. 

ÅAutomated and graphical way to display (and even 
interact with) related information. 

ÅTo seamlessly integrate other models, expert 
knowledge and datasets within a single platform 

ÅAbility to update understanding with new information. 

ÅHighly flexible. 
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Tomorrow: Interact with a Network Using Netica 
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