Policy Gradient Planning for Environmental Decision Making with Existing Simulators

Mark Crowley and David Poole University of British Columbia
crowley@cs.ubc.ca poole@cs.ubc.ca

google+ http://gplus.to/crowley

Equilibrium Policy Gradient Framework Experiments

The Problem MDP Model Policy Optimization - 1880 cells
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Why is this hard?

I - Cannot enumerate states or actions di ¢ , Equilibrium Policy Provide positive reward for volume cut minus...
locations/cells (C) : 1000-100,000 Rewards (72) $ o3 * Cs ands_cape Gradients - HVR = penalty for irregular harvest volumes
Policy over time

actions (A) : cut, nocut, ...
features (F ) : discrete or continuous, 1-30 features

Example Map of Age Feature

Transition Dynamics (! ) Local Policies - AVR = penalty for irregular available volume

of the forest over time
- HAVR = HVR + AVR
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Age of trees in cell. where H is the set the trajectories sampled so far. S 5 5 & & }; p R L VSN AVR 18,065 411,085
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- non-local rewards - constraint on total harvest per ) , (\}
. . Features : f.(ai ¢, s)
year, constraint on irregular ha_rvest Boyv year to year Action | Age  Max Avail AnyAdj Volume
- spatial constraints - no cutting of adjacent cells, CUut 155 -108 071 029
maintaining an age distribution NoCut | 7.82 6.97 3.85 4.79
- spatial dynamics - Mountain Pine Beetle spread - 0> a’>atsd’
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- - Locations are not independent Gibbs Sampling
- black box - best models are simulators built by _ P 3
researchers in forestry. Designed to explore so landscape policy has a cyclic structure . O _
scenarios by manually adjusting parameters. | | a,._ | - | |
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Model) - developed for BC Forest Service to the equilibrium of a Markov chain  where the : Model. sustainable, Tow cut plan. . another run ot AAvE. Vore . '
. . " defined bv the | | noli Q Q a aggressive plan, still population collapses
simulate effects of different harvest quotas on transitions are detined by the local policy C}/’ C sustainable over 100 years.  completely.
forest development. where: 11 | a7 1 Q Decade in which cell was harvested
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