Carpatian Basin 30ka BP Environmental Niche Modelling
Christian Willmes
Scope: Documentation of R based Species Distribution Modelling (SDM) applied to human sites for 30ky BP.
[bookmark: data]Data
The modelling of course depends on the quality and quantity of the input data. The more environmental information, as well as archaeological finds for the  probed time period is available to be incorporated into the model, the better are the results.


[bookmark: sites]Sites
[bookmark: section]
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67 Sites for human settlements of around 30ky BP. 
[bookmark: topography]Topography
The topography data used in this study is based on the SRTM DEM (Jarvis et al. 2008). 
[image: figures/dem/dem.png]
Topography predictor variables derived from SRTM DEM. 
A set of 6 additional predictor varibales (slope, aspect, curvatures and partial derivatives) see fig. ???, were computed from the SRTM DEM data using the GRASS GIS r.slope.aspect tool (Shapiro and Waupotitsch 2015). 
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[bookmark: geology-and-soil]Geology and Soil
ToDo: get Geology and (Paleo-)Soil information for the Region.
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This is a caption 
[bookmark: landuse]Landuse
ToDo: Include recent Landuse classifications, because most finds are found on open farm land.


[bookmark: landform-classifications]Landform classifications
Describe Iwahshi and Meyerbeck data
[bookmark: visiblity-range-score]Visiblity range score
ToDo: create a dataset, that computes a score for best viewshed and visibility ranges. Something similar to cellphone tower placement GIS applications.


[bookmark: hydrology]Hydrology
ToDo: Create a paleo DEM for the Carpatian Basin (huge Task), and compute the Hydrology (River network) of the CB.


[bookmark: climate]Climate
[bookmark: section-3]
[bookmark: climate-proxy-data]Climate proxy data
To have a reliable climate model, it is requested to have paleoenvironmental information from climate proxies, like sedimentological (e.g. from loess), palynological or other analysis, available for validating the climate model. Without a regular validation of the data, we can’t use it for producing valid estimates or assertions based on that model.
[bookmark: climate-model]Climate Model
The climate data applied for this study is based on a new approach for spatio-temporal climate data interpolation (Willmes et al. 2017). For the application with SDM models, the 19 bio climatic variables are computed using the R dismo package (Hijmans and Elith 2016), see Fig. ???. 
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Bioclimatic variables for 30ky BP. 
The bioclimatic variables computed using the dismo R package, are defined as follows:
BIO1 = Annual Mean Temperature
BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 = Isothermality (BIO2/BIO7) (* 100)
BIO4 = Temperature Seasonality (standard deviation *100)
BIO5 = Max Temperature of Warmest Month
BIO6 = Min Temperature of Coldest Month
BIO7 = Temperature Annual Range (BIO5-BIO6)
BIO8 = Mean Temperature of Wettest Quarter
BIO9 = Mean Temperature of Driest Quarter
BIO10 = Mean Temperature of Warmest Quarter
BIO11 = Mean Temperature of Coldest Quarter
BIO12 = Annual Precipitation
BIO13 = Precipitation of Wettest Month
BIO14 = Precipitation of Driest Month
BIO15 = Precipitation Seasonality (Coefficient of Variation)
BIO16 = Precipitation of Wettest Quarter
BIO17 = Precipitation of Driest Quarter
BIO18 = Precipitation of Warmest Quarter
BIO19 = Precipitation of Coldest Quarter
[bookmark: gis-data-set]GIS data set
The GIS data set is published in the CRC806-Database (Willmes 2017).
[bookmark: modelling-results]Modelling Results
Application of several SDM approaches to the data presented above.


[bookmark: bioclim]Bioclim
Application of the Bioclim model (Booth et al. 2013)
[bookmark: section-4]
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Results of Bioclim model. 
class          : ModelEvaluation
n presences    : 13
n absences     : 16
AUC            : 0.8990385
cor            : 0.6514319
max TPR+TNR at : 0.03693704


[bookmark: domain]Domain
Application of the Domain model (Carpenter, Gillison, and Winter 1993).
[image: figures/domain/domain.png]
Results of domain model. 
class          : ModelEvaluation
n presences    : 13
n absences     : 16
AUC            : 0.7331731
cor            : 0.4003718
max TPR+TNR at : 0.3602315


[bookmark: generalized-linear-models-glm]Generalized Linear Models (GLM)
Application of the GLM method (Guisan, Edwards, and Hastie 2002).
[bookmark: binomial]Binomial
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GLM binomial logit result. 
class          : ModelEvaluation
n presences    : 13
n absences     : 20
AUC            : 0.7807692
cor            : 0.3320665
max TPR+TNR at : -0.7914661


[bookmark: gaussian]Gaussian
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GLM gaussian identity result. 

class          : ModelEvaluation
n presences    : 13
n absences     : 20
AUC            : 0.7807692
cor            : 0.4246963
max TPR+TNR at : 0.5096578


[bookmark: poisson]Poisson
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GLM poisson log. 
class          : ModelEvaluation
n presences    : 13
n absences     : 20
AUC            : 0.8192308
cor            : 0.3797152
max TPR+TNR at : -1.040075


[bookmark: boosted-regression-trees]Boosted Regression Trees
ToDo
(Elith, Leathwick, and Hastie 2008)


[bookmark: random-forest]Random Forest
(Breiman 2001)


[bookmark: support-vector-machines]Support Vector Machines
(Vapnik 1998)



[bookmark: combining-the-model-predictions]Combining the model predictions
[bookmark: average-score]Average score


[bookmark: weighted-mean]Weighted mean
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