
Public Land Survey point records of forest composition collected during 
the 19th century provide an important resource with which to estimate 
pre-settlement vegetation structure in the upper Midwest of the United 
States.

Gridded estimates of composition, stem density, basal area and biomass
were generated for the upper Midwest.  Uncertainties for these estimates
were modeled using intrinsic conditional autoregressive models (for forest
composition) and generalized additive models (for stem density, basal 
area and biomass).

Estimates, along with their associated standard errors, can be used by 
dynamic vegetation models to inititalize model runs, to validate model 
estimates and to improve model performace.

Stem density in the upper Midwest ranges from 0 to 300 stems / ha, basal
area ranges from 0 to 72 m2 ha-1 and biomass estimates range from 0 to 
112 Mg ha-1.  Spatially smoothed estimates account for almost 70% of 
total deviance, and prodce standard errors equal to approx. 4% of the raw 
estimate.
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Summary

The Public Lands Survey 
records note the position of 
the closest two trees to 
the plot center on a 1 x 1mi 
grid.  Sampling design changes 
throughout the time of the
survey, resulting in a changing
plot geometry.  This plot
geometry can affect 
estimates of stem density
and other derived 
metrics.

Point level estimates of stem density, basal area and 
biomass are generated from survey records and then 
aggregated to a 5 arcminute grid for the upper Midwest
(Goring et al., in prep).  Aggregation allows us to generate 
uncertainty estimates for each of the metrics using 
Generalized Additive Models.  Compositional uncertainty is 
generated using and Intrinsic Conditional Autoregression 
model implemented in R (Thurman et al. in prep).

Dynamic Vegetation
Models

Initialization

Validation

Improvement

Estimates of pre-settlement vegetation can be 
incorporated into dynamic vegetation models in 
a number of ways.  Gridded estimates can be 
used to initialize DVM runs, to validate model 
assumptions and, in multi-model runs, the 
estimates can be used to to help improve DVM
performance by helping to characterize sources 
of error within models.

Forest classification using k-medoid clustering indicates
sensitivity of classification to the use of measurements and PFTs.
In general, forest class 1 represents prairie ecosystems, class 2
represents savanna, class 3 represents largely deciduous forest,
class 4 represents mixedwood and class 5 represents conifer
dominant ecosystems.  There are strong differences between 
classifications based on plant functional types (PFTs) and those
based on tree genera, implying that PFT-based classifications are
missing key elements of vegetation composition in this region.
These results also indicate the importance of the metric
being used to define forest community classes.
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Model output can be used 
to estimate future forest
structure, potential carbon 
sequestration and helps
frame policy discussions.
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Since raw values from PLSS data are point estimates, they provide
no uncertainty, only variability.  Smoothed estimates of stem 
density, basal area and biomass match raw values well.  The 
standard error estimates from GAM output can be used to provide 
uncertainty estimates for use in data assimilation efforts.


