
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Geospatial modeling approach to monument construction using Michigan from
A.D. 1000-1600 as a case study

Howey, M.C.L.; Palace, M.W.; McMichael, C.H.
DOI
10.1073/pnas.1603450113
Publication date
2016
Document Version
Other version
Published in
Proceedings of the National Academy of Sciences of the United States of America
License
Other

Link to publication

Citation for published version (APA):
Howey, M. C. L., Palace, M. W., & McMichael, C. H. (2016). Geospatial modeling approach to
monument construction using Michigan from A.D. 1000-1600 as a case study. Proceedings of
the National Academy of Sciences of the United States of America, 113(27), 7443-7448.
https://doi.org/10.1073/pnas.1603450113

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

Download date:22 Jul 2026

https://doi.org/10.1073/pnas.1603450113
https://handle.uba.uva.nl/personal/pure/en/publications/geospatial-modeling-approach-to-monument-construction-using-michigan-from-ad-10001600-as-a-case-study(d1250138-5766-45e9-9f76-ca6adde3dfbd).html
https://doi.org/10.1073/pnas.1603450113


Supporting Information
Howey et al. 10.1073/pnas.1603450113
SI Text
Nominal Regression.We conducted a stepwise nominal regression
to serve as a nonspatial, independent analysis of the power of the
input variables used in MaxEnt modeling to discriminate between
mounds and enclosures; this was done to help control for the
tendency of MaxEnt to overestimate geospatial distributions.
Analysis was done in JMP. The overall results show that the input
variables do separate the two features (Fig. S1).
The regression also identified three variables as sufficient to

separate the features statistically: distance to a river, SRTM
topography, and BIO8, which is the mean temperature of the
wettest quarter [which is the same 3-mo segment as BIO10 (mean
temperature of warmest quarter]. These three variables align with
the variables found to be key in predicting mound and enclosure
differential landscape distribution in MaxEnt (Fig. S2).

Multivariate Correlation Table. We computed a multivariate cor-
relation table for 13 input variables derived from 100,000 ran-
domly generated points placed across the study area (Table S1).
Table S1 provides a means of assessing linear relationships be-
tween each covariate used in the modeling. Of important note,
distance to a lake and distance to a river have very low corre-
lation coefficients across all variables. Analysis was done in JMP
(Table S1).

Mound MaxEnt Model AUC Analysis. The test omission rate and
predicted area as a function of the cumulative threshold averaged
over the replicate runs were computed for mounds and are
presented in Fig. S3.
The receiver operating characteristic curve was produced with

the same data, again averaged over the replicate runs. Note that
the specificity is defined using predicted area rather than true
commission (40). The average test AUC for the replicate runs is
0.758, and the SD is 0.059; this is shown in Fig. S4.

Earthwork Enclosure MaxEnt Model AUC Analysis. The test omission
rate and predicted area as a function of the cumulative threshold
averaged over the replicate runs were computed for earthworks
and are presented in Fig. S5.
The receiver operating characteristic curve was produced with

the same data, again averaged over the replicate runs. Note that
the specificity is defined using predicted area rather than true

commission (40). The average test AUC for the replicate runs is
0.852, and the SD is 0.031; this is shown in Fig. S6.

Mound MaxEnt Model Variable Contribution Jackknife Tests. Jack-
knife training and test gain assessments were done for mounds.
Training gain values are derived from points used to train the
model, and test gain values are derived from occurrence points
used to test the predictive capacity of the model. Training and
testing gain values with variable omitted are gain values of the
model when the variable is excluded, and only variable is the gain
value when the variable is used as a single predictor (Fig. S7).

Earthwork Enclosure MaxEnt Model Variable Contribution Jackknife
Tests. Jackknife training and test gain assessments were done for
earthwork enclosures. Training gain values are derived from
points used to train the model, and test gain values are derived
from occurrence points used to test the predictive capacity of the
model. Training and testing gain values with variable omitted are
gain values of the model when the variable is excluded, and only
variable is the gain value when the variable is used as a single
predictor (Fig. S8).

Mound Variable Response Curves. Response curves were created
using each input variable alone for the MaxEnt model for
mounds, which shows the dependence of predicted suitability as it
patterns with the selected variable. The curves show the mean
response of the replicate MaxEnt runs (red in Fig. S9) and ±1 SD
(blue in Fig. S9). All temperature variables are shown in degrees
Celsius by a factor of 10, all precipitation variables are in cen-
timeters, distance to a lake and distance to a river are in kilo-
meters and SRTM topography is in meters (Fig. S9).

Earthwork Enclosure Variable Response Curves. Response curves
were created using each input variable alone for the MaxEnt
model for enclosures, which shows the dependence of predicted
suitability as it patterns with the selected variable. The curves
show the mean response of the replicate MaxEnt runs (red in Fig.
S10) and ±1 SD (blue in Fig. S10). All temperature variables are
shown in degrees Celsius by a factor of 10, all precipitation
variables are in centimeters, distance to a lake and distance to a
river are in kilometers, and SRTM topography is in meters
(Fig. S10).
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Fig. S1. Overall nominal regression results. AICc, corrected Akaike information criterion; BIC, Bayesian information criterion; nDF, degrees freedom.
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Fig. S2. Variable nominal regression results. AICc, corrected Akaike information criterion; BIC, Bayesian information criterion; E/M, log odds from enclosures/
mounds; RMSE, root mean squared error.
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Fig. S3. Mound average omission and predicted area.

Fig. S4. Mound receiver operating characteristic curve.
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Fig. S5. Enclosure average omission and predicted area.

Fig. S6. Enclosure receiver operating characteristic curve.
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Fig. S7. Mound jackknife tests gain. Topo, topography.
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Fig. S8. Enclosure jackknife tests. Topo, topography.
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Fig. S9. Mound variable response curves.

Howey et al. www.pnas.org/cgi/content/short/1603450113 8 of 10

www.pnas.org/cgi/content/short/1603450113


Fig. S10. Enclosure variable response curves.
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Table S1. Multivariate correlation table

BIO1 BIO10 BIO12 BIO13 BIO15 BIO2 BIO4 BIO7 BIO8 BIO9 Dist_lake Dist_river Topo

BIO1 1.000 0.979 0.258 −0.203 −0.561 −0.392 −0.721 −0.738 0.667 0.791 0.184 −0.125 −0.514
BIO10 0.979 1.000 0.238 −0.225 −0.454 −0.276 −0.569 −0.604 0.755 0.713 0.191 −0.155 −0.422
BIO12 0.258 0.238 1.000 0.549 −0.383 −0.110 −0.179 −0.254 0.014 0.333 −0.173 −0.006 0.078
BIO13 −0.203 −0.225 0.549 1.000 0.217 0.302 0.089 0.183 −0.488 −0.188 −0.278 0.061 0.335
BIO15 −0.561 −0.454 −0.383 0.217 1.000 0.749 0.733 0.825 −0.157 −0.792 −0.139 −0.114 0.608
BIO2 −0.392 −0.276 −0.110 0.302 0.749 1.000 0.657 0.831 −0.084 −0.601 −0.245 −0.171 0.701
BIO4 −0.721 −0.569 −0.179 0.089 0.733 0.657 1.000 0.942 −0.127 −0.773 −0.107 −0.024 0.660
BIO7 −0.738 −0.604 −0.254 0.183 0.825 0.831 0.942 1.000 −0.219 −0.823 −0.181 −0.041 0.697
BIO8 0.667 0.755 0.014 −0.488 −0.157 −0.084 −0.127 −0.219 1.000 0.362 0.246 −0.195 −0.167
BIO9 0.791 0.713 0.333 −0.188 −0.792 −0.601 −0.773 −0.823 0.362 1.000 0.125 −0.043 −0.624
Dist_lake 0.184 0.191 −0.173 −0.278 −0.139 −0.245 −0.107 −0.181 0.246 0.125 1.000 −0.052 −0.236
Dist_river −0.125 −0.155 −0.006 0.061 −0.114 −0.171 −0.024 −0.041 −0.195 −0.043 −0.052 1.000 −0.083
Topo −0.514 −0.422 0.078 0.335 0.608 0.701 0.660 0.697 −0.167 −0.624 −0.236 −0.083 1.000

Topo, topography.
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