APPENDIX 1: METHODS AND SUPPORTING INFORMATION

We developed the agent-based model (ABM) usindriy@ast] 3.1 libraries
(http://repast.sourceforge.net). Agent-based mond€lhBM) is an approach to representing the
properties, behaviors, decision-making strategied,actions of interacting components in a
dynamic system that is composed of actors and émeironment. ABMs can be run to evaluate
the aggregate system-level implications of indiaidoehaviors, and the diversity and
interactions thereof. Because ABMs derive systeratleutcomes from component interactions,
the approach can represent and model non-lineanaigs, positive and negative feedbacks,
heterogeneity, learning and evolutionary decisiakimg strategies (i.e. adaptation), and a range
of other analytically intractable processes (Halld®995). Furthermore, the ABM approach can
be used as a framework to integrate various sowfogata, theories, and conceptual models
(Janssen and Ostrom 2006, Robinson et al. 200fgr©have successfully used ABM in a
similar the context to evaluate the effects ofitasbnal configurations and heterogeneous actor
characteristics on collective outcomes in commolesrumas (Deadman et al. 2000). This

supporting text describes our ABM in detail.

Household agent utility

In our model, household utility is a function oéthousehold’s desire for three goods --
consumption, leisure, and adherence to institutinfas which lead to a resource extraction
level for the household. The extraction level cimogg the household is the level of the
household’s resource use. During each time stepuaehold agent randomly selects 10
different levels of resource extraction and chodsesextraction level, x, that maximizes the

following utility function:



UXX) = C(X)%c* L(X) “L* A(X) %A (S1)

where U(X) is the utility for the household at &eagi extraction level, C(x) is the utility derived
from consumption, L(x) is the utility derived frol@sure, A(x) is the utility derivetly adhering
to institutional pressures, and aC, al , aA, are the weights that represent preferences for
consumption, leisure, and institutional adherence, respectively. The three preference weights
sum to one and ensure trade-offs among consumption, leisure, and adhering to institutional
pressures.

For the experiments described in this paper,gheandidate levels of extraction are
selected from a normal distribution centered onhitneseholds previous level of extraction with
a variance of 0.02, resampling as needed to hatenatandidate samples in [0,1], the
normalized range of extraction levels. For anahitiurn-in period, we set the extraction level to
a number drawn from a uniform distribution oveO@. 1.00]. We also ran experiments in which
the standard deviation was 0.01 and 0.05, and iohithe candidate levels of extraction were
chosen from a uniform distribution over [0,1]; tm@del results were qualitatively similar to

those reported in this paper for all those condgio
C(x) — Consumption

The consumption component of a household’s uisity function of subsistence cooking
requirements in fh(s), fuelwood extraction (x), and the rate at \ahicarginal utility decreases

once subsistence has been met (f in [2]).

Cx)=s+f (X—=8),x8S;X,X<Ss (S2)



wheref is 0.2, and the subsistence cooking requiremshtei each household is calculated as a

function of household size and per capita energyirements:
s=(h-w)/(ed) (S3)

where R is the size of household (i.e. number of occupantss the per capita energy
requirement for cooking per month (240 MJ), e ss¢nergy content of wood (16 MJ, World
Bank 2004), and d is the average density of oakpamel (600 kgm®). Using the average
household size of 4.75 individuals, the per capitathly subsistence requirement is 0.25ah
fuelwood. We selected subsistence requirementsimsthe existing literature about average
household size in hilly environments in the Indidimalaya. Because variations in subsistence
requirements have a relatively predictable effecharvesting goals, we focused our
experiments on changes in institutional and netvetmkcture parameters for essentially similar
levels of subsistence needs. The utility derive@daysumption for different preference weights

applied to the consumption component are showngaré 5.

(Figure 5 here)

L(x) — Leisure

Markets for firewood are largely non-existent ie thcations studied. The primary expense
incurred by household agents’ firewood extract®time - invariably, the cost of time in
“leisure” (i.e., all non-fuelwood gathering actiei$) forsaken to extract forest resources. The
leisure component is calculated based on the gatheme required for firewood collection and

the amount of labor available for firewood collecti The function takes the following form:



Lx)=1-T/h, T<h S4)

where T is the time spent gathering firewood pentingas calculated in the section titled
firewood collection, below) and s the total household labor endowment. We sat & hrs per
day as a representative value of the total numbferesvood collection labor hours provided by
the female household head and young children. Rmml value of 1 for L(x) represents all
household time spent in leisure; L(x) declinestasas in Figure 6 below, demonstrating the
reduction in utility obtained by the leisure compah(Equation Shof Equation [1] for different
levels of household fuelwood extraction when forest resources and preference for leisure (alL =

0.33) are fixed.

(Figure 6 here)

A(x) — Adherence to organizational rules versus netw&rmorms

The last factor in the household agent’s utilitydtion, A(x), represents the utility derived by
adhering to institutional rules. A(x) is a weightedction of two factors that represent the

relative importance the agent places on adherimgstdutional rules or network norms:

AX)=r-RX)+(1-rrN(Kx), O0<=r<=1 (S5)

The weighting factor r, which can vary across hbos#s, determines the degree to which a

particular household places more importance onradho institutional rules (higher r) or on



network norms (lower r). R(X) is zero if the lewédlextraction, x, is greater than the amouagt, X
prescribed by the formal institution (designed timain a sustainable forest); R(X) increases to
the extent the household’s extraction level x $s ldhan the amount prescribed for that

household:
R(X)=0, x>=% ;1-(X-%), X<X% (S6)

where x is the extraction level prescribed by the fornrmatitution. N(X) increases to the extent
the household’s extraction level x matches thellefzextraction suggested by community

norms:
NX)=1-[x—X]| (S7)

where x* is the average extraction level of thedahold’'s neighbors during the previous time

step.
Firewood collection

Firewood and community forests are perceived aseadommon pool resource for use by local
households. Therefore, markets for firewood are@xstent in the study region and instead the
cost of firewood is a function of collection or gating time, which is typical for firewood and
minor forest products in rural areas in India (Hetg et al. 2000). However, as households
extract firewood resources they degrade the fdrest the edge inward and are forced to spend
more effort and time in subsequent firewood coitets (Kumar and Hotchkiss 1988; Baland et
al. 2004). We use a simplified approach to moaeétspent collecting firewood and assume that
when firewood is abundant, a minimum of 2 hrs gureed to make a single firewood gathering

trip. However, gathering time increases expondwtasd the resource is depleted (Equation S8



and Fig. 7). The rate of increase in gathering tisreefunction of the initial and remaining size
of the forest, proportion of the forest in branghse population of the village, and average

biomass per square meter, which we simplify a®vat
t=2+(F/FR) (S8)

where Fis the initial forest amount{6,000 m) and F is the forest remaining.

(Figure 7 here)

The average head-load carried by an adult indiviohua single trip approximates 30 kg
(Bembridge and Tarlton 1990, Irfanullah 2002, Adinilet al. 2004). Since households must
make several trips to satisfy their subsistenc&iogorequirements, we calculate the overall time

allocated to firewood collection per month using following equation:
T = min (X* Gnax" d/p-t, h) (S9)

where T is the gathering time per month, x is tkteaetion level of the household,is the
maximum consumption level of the household (wh&B$ in equation S3), p is the average
head load per trip, d is the average density ofasakpine (600 kgn®), t is the gathering time
for a single trip (a function of forest remainifiggm Equation S8 and shown in Fig. 7), antsh
the total available labor for firewood collectionleisure (and other activities) to each

household.
Resource growth

We take a simplified approach to model forest resesiand growth. The resource represents

a closed canopy maturing mixed pine and oak foidst.forest grows on average at a rate of



2.7% per year (0.14 kgn® yr, Birdsey 1992). We introduce some variability ardithe mean
(0.01% per month) to incorporate stochastic climatients that may alter the growth rate
(Figure 8). The villagers in our study area priyause forest fodder and lop branches for
fuelwood. However, observations of above-groundnaiss and carbon allocated to individual
tree components (e.g. stem, bark, branches, aiagédlvary widely. Jenkins et al. (2003)
compare their research to literature, which colety demonstrates a range of 7-30% for
softwood species and 15-95% for hardwood speciessiiiplified these results and divided the
above ground biomass and carbon values in halbbtaimthe amount found in branches, which

is the biomass of use to villagers for fuelwood.

(Figure 8 here)
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