Modeling socio-ecological adaptation
in fire-prone landscapes

Paige Fischer Tom Spies John Bolte
USDA Forest Service USDA Forest Service Oregon State University




Coupled Natural F

» Individual act
modify, conne
disconnect

» Flows of mate
and informatio

» Mediated by socia
and cultural
Institutions




Landzcape Ratmgs
Moderate
B High

Oregon
Communities At Risk

MAaLHEUR

e |

Cragor Depadorest of Formsloy GIG ek
2520 Tate e

Seiem, Cregon 97310

entral Oregon’s fire-prone landscape



National
Forest -
(Wilderness)

National
FOTests

0 S 10

v 1
Kilometers

Sisters

Private
Forest

Rural / Urban Home
Density per 16 ha

8 Rural (0.1 - 20)
@ urban (20+)

Bend

Rural to
urban
gradient



pattems
complex influences Bl"f acts

scientists
Values Odel H eg xg%ﬂfs adaptation

federal appmach SplES

m;mvegetatlon Qransges & policies inciuding t'U et
 IESOUrCES putmtja

g : Stl.ld 5'0.Ddgggg1 QEHVISIOH fue| - models ﬂJlands o
st I re%('UI rge y Iré- pﬂggg&d foreSt hl:m:ve%w 1< m learning include
may

'5 R olonment s '3 § ainstitutions
landowners 2 € SIPPrESSON:
-la scap ansociale ko'egm
PO

bun B ok CNHS weatru studies s
system g dynamics rI popiator netWOTkS a
s&iﬁ?"800|08'03|WI|dflre Iy ('U landL. gatajg &
habitat rl\'ate

types also O o IrlfOI'matlon researc : Q aCtorS WE“ community = _@ E llSlngﬁ futlle

t

E
g

ne SCENarios within modeling © § 0
economic O resuce J 8 E  develop q)
eanie = = §human analysis m = Spatla| “h“ggspecis; r::JEC @ﬁ E ‘o
F|gureI =~ k:
O T

natural
actions

rules structure
interviews

adapt
O e gonth b E use mble’g



Simulation mod

I n C O r p O rat e C r i t i C a I Scenario Comparison - Landcover
system features P

2000 - Baseline

Represent likely
real-world outcomes
with some accuracy.

U SEfUI Whe N : . §° ; | 2050 Unconstrained Growth

system is complex

0510 20 30 40

relationships are i A

wic B M cutivated Crops w-intensity Developed [l Emercent Herbaceous Wetiand Grassland/Herbacecus Srowflce
0 [ oecicuous Forest I vecium-intensity Developed [l Evercreen Forest I Vixed Forest ShrubiSeruh

p O O r I y u n d e r S t O 0 d [ Sarren [ Hich-intensity Developed Developed Open Space PastureHay I Ooen Water I Woody Wetlands

uncertainties are high




Agent-based me¢

Represents the |
behaviors of actors i
a system

Actors have rules
(i.e., policies, norms)
that guide and
consfrain actions

Actors are . L
autonomous and Z -
adaptive agents = [REEES

.
‘e,
*a
s
]

Autonomous = [

Interaction between Interactions between

prO cesses entities & agents
simultaneously JASSS 2009

Target System Agent based model

L
------------




Theory of indi

Context = dif

Drivers

Systems

cognitive
social
cultural
economic
biophysical

values
beliefs >
norms

information/matter/energy



responsive to their objectives
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constraints and actions defining
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Landscape Production Models

Generating Landscape Metrics
Reflecting Ecosystem Service
Productions

Landscape
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Management approaches

Practices with factor loadings of Proportion Cronbach's

Factor group >0.4 Eigenvalue Explained alpha
Timber harvesting ~ Harvest timber for profit 2.397 14.980 0.935
Sell logs or other wood products
Defensible space  Prune or limb trees 5.732 35.823 0.886
creation Thin by hand or with chainsaw
Pull by hand

Clear around structures
Make structures more fire-proof
Create fuel breaks

Mechinized thinning Thin with mechanized equipment  1.151 7.195 0.718
Mow, crush, grind or chip

Cultivation Plant fire-adapted trees 1.205 7.531 0.754
Shade out vegetation

Grazing Grazing cattle 1.020 6.375 0.464

Applying herbicides



Manager types

Fuel manager cluster group

Commodity-  Amenity- Non-
Characteristics Sample oriented oriented committal Unlikely
Percentage of sample 100 26.5 21.1 27.8 24.6
X2
Treated acres to reduce fire risk (%) 68.9 49.3 83.8 82.6 53.5 66.106***
Very concerned about fire (%) 44 52.6 59.3 43 25.5 62.729***
Primary residents (%) 22.5 22.8 44.6 25.2 12.7 27 477%**
Timber most important goal (%) 9.6 22.9 3.2 2.4 9.1 34, 1%**
Grazing most important goal (%) 14.6 20.3 7.4 11.3 18.2 9.636*
Residence most important goal (%) 16.8 51 21.7 21.8 14.5 24.533***
Real estate most important goal (%) 7.8 51 3.2 11.3 10.9 9.074*
Earn some income from forestry (%) 33.0 61.0 25.5 18.5 25.5 57.08***
More likely to manage with incentives (%) 73.2 85.6 83.7 76.6 48.1 45.768***
F
Acres treated to reduce fire risk (mean) 186.9 324.6° 146.4 174.9 89.9° 3.964**
Parcel acreage (mean) 12404 | 1973.1%° 735.6° 1225.4 899.4° 6.147***
Ownership acreage (mean) 2584.3 4031.2° 1225.4° 2405.9 2510.6 5.279**

*0 <0.05; **p <0.01; ***p <0.001
Means with same superscripts are significantly different at p < 0.05 based on Games-Howell method
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Examples from ABM literature

» Agents cooperate with » Social interactions shape social value

others when they and uncertainty attributed to farming
anticipate future (Deffuant et al. 2005)

interactions with the » Kinship ties define possible behaviors
same individuals and normative expectations;

(Axlerod 1981, 2002; institutions constrain and inform
Cohen 200T) production choices (Entwisle et al.

» Communication about 2008, An et al. 2005, Manson 2006)
common goods » Preferences to live near and adopt
reduces chance of practices of similar others hape
exploitation just as landscape (Brown et al. 2008)

well as punishment

» Technological conditions affect
(Janssen et al. 2008)

diffusion among farmers (Berger 2001)




Social network

Can represent social
structures that have be
on adaptation:

diffuse information

foster learning

promote cooperation

promote innovation

Learning network







Influences on social organization

CONCEPTUAL MODEL OF RELATIONSHIP BETWEEN NETWORK STRUCTURE AND ADAPTATION

Typical pattern of network structure

Network consists of discrete homophilous groups of agents. Few

bridging actors connect these groups. The groups have sparse

People associate with others with . .
homogeneous peripheries of resource actors.

similar knowledge, beliefs, values,

risk constructs, behaviors and socio- High subgroup centrality

Implications for knowledge communication

Information* communicated easily

economic characteristics. .. [ ] within homophilous groups; but
(homophily) m / - A Hieh network betweenness: innovation and knowledge generation
= P 8 4 ’ not occurring.
B low reachability .
- Individual groups of agents may share
1 a understandings of causes and solutions
. . - W N High density within to problems but understandings not
psychological/ I/ subgroups shared across network.
‘c ognitive L oo " Little collective action across network;
processes (e.g =" low social capital
; S " AV 5]
W‘ risk perception, i N " =
H odec) F e T m. /
attitudes) . a4 ,
Cultural beliefs J A
and values & P
H [ & S
N =
%

Institutions (e.g.
rules, norms,

\ reward systems) Potential pattern of network structure

Multiple connections exist among homophilous or heterophilous
groups with dense peripheries of resource actors. Network
consists of heterophilous

Knowledge** generated through
iterative, two-way process of inquiry
and experience (social learning)

High network reachability; low

betweenness Mutual understanding of array of causes
. and solutions to problems
. 1 A - Low network centrality Collaborative identification of

knowledge needs and strategies
Cultivation of formal and informal
relationships that promote trust and
reciprocity (i.e., social capital)
Greater likelihood of collection action

Individuals and institutions can
foster heterophily (associations
between people with diverse
knowledge, beliefs, values, risk
constructs and socioeconomic
characteristics)and bridging

High density

*Information = organized data, data endowed with relevance
**Knowledge = mix of information and experience brought to bear on a problem



