
 

 

APPENDIX 

MERRA/Max Parameterization 
  

We envision MERRA/Max being used as a high-
performance discovery tool: a means of screening a 
large or unfamiliar collection of environmental 
variables for a set of predictors that subsequently 
may be ignored, modified, or employed in the 
construction of an ecological niche model. Since a 
priori assumptions cannot be made about 
MERRA/Max’s inputs or outputs, we adopted a 
standard screening configuration for several 
parameters that control a MERRA/Max run and used 
these as defaults in all our timing trials and use case 
scenarios. This appendix describes MERRA/Max’s 
default parameter settings and the rationale behind 
the choices we made. While these choices were 
guided by data and experience, they are ultimately 
somewhat arbitrary. We look forward to further 
refinement and formalization of the approach. 
 
MaxEnt settings 
We used a MaxEnt feature class (FC) setting of 
LQHP (linear, quadratic, hinge, and product) and a 
regularization multiplier (RM) setting of 1.0 in 
MERRA/Max’s selection runs. These choices were 
based on an ENMeval [1,2] scan of the 19 Bioclim 
variables over the study area in which the lowest 
AICc and best overall model resulted from these 
settings (Table 1). 
 
Sampling sizes 
MERRA/Max’s run time performance and selection 
behavior are potentially influenced to by two types of 
sampling: the average number of random samples 
taken of each variable in the collection being scanned 
(S) and the number of random variables used in each 
sprint’s independent MaxEnt sampling run (V). In 
our default screening configuration, we used S = 50 
and V = 2 throughout. We arrived at these choices by 
a qualitative assessment of MERRA/Max’s overall 
behavior in runs using our development test data, 
which comprised 2016 Cassin’s Sparrow 
observations and the 19 Bioclim predictors. These 
results are summarized in Tables 2 and 3. 

For reference, Table 2 shows values of the 
Pearson correlation coefficient (r), coefficient of 
determination (r ²), and variance inflation factor 
(VIF) [1÷ (1– r2)] for the Worldclim Bioclimatic 
variables over our study area [3]. Values of r > 0.8, r2 
> 0.8, and VIF > 10.0 are highlighted and indicate 

highly correlated variables. Table 3 shows the results 
we obtained in ensembles where the average number 
of random samples for each collection variable was S 
= 50 (Table 3a), S = 100 (Table 3b), and S = 150 
(Table 3c). Since we were using the Bioclim dataset, 
the collection size (N) was 19 throughout. For each 
value of S, runs were performed on values of V 
ranging from two to 19. Color-coded columns on the 
left in Table 3 show the various configurations of 
virtual machines, processor cores, and sprint runs 
needed to achieve the desired V and S sampling rates.  

MERRA/Max’s selection behavior across the 
various ensemble configurations is color-coded 
against Table 2’s correlation analysis. Selected 
variables for which little or no correlation exists are 
indicted in green text. Variables that have high 
correlation with one or more other variables in the 
selection set are indicated in red text. Variables 
contributing to an optimal non-correlated selection 
set are highlighted by a green background. These 
correspond to the set of variables identified in the 
accompanying paper’s use case scenarios after the 
Predictor Refinement step. The model performance 
metrics associated with each ensemble reflect the 
results of a final MaxEnt model run using the post-
refinement selection set. Generally speaking, there 
appears to be no significant improvement in overall 
selection performance with values of S > 50 or V > 2. 
For the current study, we chose S = 50 and V = 2 as 
default values for MERRA/Max, because these 
settings result in the shortest run times.  
 
Selection criterion 
MaxEnt provides three algorithm-specific indicators 
of variable importance: percent contribution (PC), 
permutation importance (PI), and change-in-gains 
based on training and test jackknife analyses of 
individual variables (JK) [4-6]. No single measure is 
sufficient to identify which variables are best for 
producing a final model [7]. However, in an 
exhaustive comparison of MaxEnt models resulting 
from all pairwise combinations of Bioclim’s 19 
variables, we observed only 10 instances where 
permutation importance did not agree with the other 
indicators (Table 4, highlighted in blue). For 
MERRA/Max’s screening purposes, we felt 
comfortable using permutation importance as our 
sole indicator of variable importance. 

 
__________ 

Appendix accompanying Schnase et al. (2022). Automatic variable selection in ecological niche modeling. 
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Table 2. Bioclim correlation analysis.

Bio 2 Bio 3 Bio 4 Bio 5 Bio 6 Bio 7 Bio 8 Bio 9 Bio 10 Bio 11 Bio 12 Bio 13 Bio 14 Bio 15 Bio 16 Bio 17 Bio 18 Bio 19
r -0.001 0.424 -0.437 0.839 0.918 -0.392 0.673 0.680 0.897 0.950 0.026 0.235 -0.294 0.522 0.176 -0.262 0.126 -0.090

r ² 0.000 0.180 0.191 0.704 0.843 0.154 0.453 0.462 0.804 0.902 0.001 0.055 0.086 0.272 0.031 0.069 0.016 0.008
VIF 1.000 1.219 1.235 3.380 6.356 1.182 1.827 1.860 5.114 10.165 1.001 1.058 1.094 1.374 1.032 1.074 1.016 1.008

r 0.558 0.080 0.284 -0.203 0.481 0.148 0.165 0.045 -0.019 -0.272 -0.055 -0.410 0.351 -0.029 -0.418 0.029 -0.216
r ² 0.311 0.006 0.081 0.041 0.232 0.022 0.027 0.002 0.000 0.074 0.003 0.168 0.123 0.001 0.175 0.001 0.047

VIF 1.451 1.006 1.088 1.043 1.302 1.022 1.028 1.002 1.000 1.080 1.003 1.203 1.140 1.001 1.212 1.001 1.049
r -0.697 0.234 0.485 -0.383 0.250 0.522 0.135 0.585 -0.029 0.305 -0.420 0.690 0.311 -0.401 0.272 0.027

r ² 0.486 0.055 0.235 0.147 0.062 0.273 0.018 0.342 0.001 0.093 0.177 0.476 0.097 0.161 0.074 0.001
VIF 1.946 1.058 1.307 1.172 1.067 1.375 1.019 1.519 1.001 1.103 1.214 1.909 1.107 1.192 1.080 1.001

r 0.065 -0.716 0.910 -0.136 -0.520 0.002 -0.693 -0.040 -0.320 0.275 -0.533 -0.300 0.248 -0.224 -0.131
r ² 0.004 0.513 0.829 0.019 0.270 0.000 0.480 0.002 0.103 0.076 0.284 0.090 0.061 0.050 0.017

VIF 1.004 2.052 5.833 1.019 1.370 1.000 1.923 1.002 1.114 1.082 1.396 1.099 1.065 1.053 1.018
r 0.565 0.165 0.665 0.506 0.968 0.654 -0.074 0.061 -0.289 0.372 0.018 -0.272 0.013 -0.210

r ² 0.319 0.027 0.442 0.256 0.937 0.427 0.006 0.004 0.084 0.138 0.000 0.074 0.000 0.044
VIF 1.469 1.028 1.793 1.344 15.822 1.746 1.006 1.004 1.091 1.161 1.000 1.080 1.000 1.046

r -0.721 0.522 0.690 0.671 0.981 0.069 0.297 -0.266 0.538 0.242 -0.232 0.164 0.027
r ² 0.519 0.273 0.475 0.451 0.963 0.005 0.088 0.071 0.290 0.059 0.054 0.027 0.001

VIF 2.081 1.375 1.906 1.820 26.724 1.005 1.097 1.076 1.408 1.062 1.057 1.028 1.001
r -0.066 -0.399 0.011 -0.624 -0.145 -0.304 0.075 -0.331 -0.275 0.048 -0.186 -0.209

r ² 0.004 0.159 0.000 0.389 0.021 0.092 0.006 0.109 0.075 0.002 0.035 0.044
VIF 1.004 1.190 1.000 1.636 1.022 1.102 1.006 1.123 1.082 1.002 1.036 1.046

r 0.231 0.666 0.571 0.147 0.303 -0.165 0.482 0.262 -0.162 0.327 -0.267
r ² 0.053 0.443 0.327 0.022 0.092 0.027 0.232 0.069 0.026 0.107 0.072

VIF 1.056 1.795 1.485 1.022 1.101 1.028 1.302 1.074 1.027 1.119 1.077
r 0.522 0.744 -0.258 -0.011 -0.440 0.367 -0.059 -0.386 -0.150 0.144

r ² 0.272 0.553 0.066 0.000 0.194 0.134 0.003 0.149 0.023 0.021
VIF 1.374 2.239 1.071 1.000 1.241 1.155 1.003 1.176 1.023 1.021

r 0.719 -0.019 0.082 -0.216 0.321 0.027 -0.194 0.005 -0.159
r ² 0.517 0.000 0.007 0.047 0.103 0.001 0.038 0.000 0.025

VIF 2.071 1.000 1.007 1.049 1.115 1.001 1.039 1.000 1.026
r 0.011 0.279 -0.349 0.600 0.226 -0.314 0.157 -0.018

r ² 0.000 0.078 0.122 0.360 0.051 0.099 0.025 0.000
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Table 4. Contribution analysis.
Bio 2 Bio 3 Bio 4 Bio 5 Bio 6 Bio 7 Bio 8 Bio 9 Bio 10 Bio 11 Bio 12

PI 31.3 55.7 48.3 86.4 36.7 28.3 88.5 60.2 68.8 54.1 59.9
PC 19.6 59.7 52.2 94.4 23.1 11.8 97.4 52.7 87.8 45.8 66.7
JK 0.019 0.120 0.118 0.222 0.101 0.015 0.325 0.191 0.161 0.150 0.244
PI 68.7 44.3 51.7 13.6 63.3 71.7 11.5 39.8 31.2 45.9 40.1
PC 80.4 40.3 47.8 5.6 76.9 88.2 2.6 47.3 12.2 54.2 33.3
JK 0.126 0.120 0.125 0.116 0.114 0.117 0.116 0.118 0.114 0.120 0.121
PI 86.9 67.7 90.3 59.2 47.9 90.5 84.7 85.0 67.5 79.5
PC 91.1 81.1 95.8 75.4 45.1 96.1 90.3 92.9 80.5 93.3
JK 0.166 0.115 0.225 0.105 0.015 0.321 0.191 0.161 0.148 0.250
PI 13.1 32.3 9.7 40.8 52.1 9.5 15.3 15.0 32.5 20.5
PC 8.9 18.9 4.2 24.6 54.9 3.9 9.7 7.1 19.5 6.7
JK 0.019 0.018 0.019 0.022 0.019 0.015 0.020 0.021 0.019 0.022
PI 34.0 57.9 41.1 8.6 60.4 53.1 45.5 43.6 60.4
PC 16.6 52.0 37.6 4.3 59.5 54.9 46.1 40.8 59.7
JK 0.116 0.223 0.103 0.016 0.322 0.191 0.165 0.156 0.247
PI 66.0 42.1 58.9 91.4 39.6 46.9 54.5 56.4 39.6
PC 83.4 48.0 62.4 95.7 40.5 45.1 53.9 59.2 40.3
JK 0.170 0.170 0.163 0.176 0.177 0.169 0.172 0.170 0.159
PI 60.9 44.4 26.3 72.4 56.1 54.6 53.0 61.4
PC 59.1 46.3 15.7 71.9 60.0 54.4 49.8 67.0
JK 0.217 0.105 0.015 0.324 0.190 0.162 0.149 0.240
PI 39.1 55.6 73.7 27.6 43.9 45.4 47.0 38.6
PC 40.9 53.7 84.3 28.1 40.0 45.6 50.2 33.0
JK 0.125 0.121 0.118 0.110 0.122 0.121 0.119 0.115
PI 19.7 13.5 73.4 53.5 7.5 25.6 48.1
PC 10.2 8.6 87.8 49.8 1.4 19.3 59.7
JK 0.103 0.017 0.314 0.202 0.164 0.143 0.254
PI 80.3 86.5 26.6 46.5 92.5 74.4 51.9
PC 89.8 91.4 12.2 50.2 98.6 80.7 40.3
JK 0.229 0.228 0.214 0.226 0.228 0.219 0.224
PI 25.1 89.7 61.6 62.1 59.4 58.2
PC 16.9 95.5 55.6 82.2 80.5 69.8
JK 0.016 0.310 0.196 0.162 0.152 0.247
PI 74.9 10.3 38.4 37.9 40.6 41.8
PC 83.1 4.5 44.4 17.8 19.5 30.2
JK 0.101 0.101 0.108 0.105 0.103 0.101
PI 89.9 93.8 78.7 92.9 79.3
PC 96.6 97.5 89.5 97.9 93.4
JK 0.322 0.191 0.159 0.155 0.240
PI 10.1 6.2 21.3 7.1 20.7
PC 3.4 2.5 10.5 2.1 6.6
JK 0.014 0.016 0.013 0.016 0.015
PI 33.3 24.1 23.7 37.6
PC 27.8 8.5 13.1 49.5
JK 0.194 0.159 0.154 0.250
PI 66.7 75.9 76.3 62.4
PC 72.2 91.5 86.9 50.5
JK 0.330 0.318 0.327 0.322
PI 34.2 47.4 56.5
PC 44.8 46.3 68.1
JK 0.157 0.146 0.247
PI 65.8 52.6 43.5
PC 55.2 53.7 31.9
JK 0.202 0.192 0.199
PI 44.1 58.3
PC 37.0 64.5
JK 0.151 0.246
PI 55.9 41.7
PC 63.0 35.5
JK 0.153 0.161
PI 58.3
PC 62.6
JK 0.239
PI 41.7
PC 37.4
JK 0.148
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK
PI
PC
JK

PI = Permutation Importance, PC = Percent Contribution, JK = Jackknife Analysis (training gain) / Blue background = Non-corresponding PI / Yellow background = Correlated variables from Table 2
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Table 4. Contribution analysis, continued.
Bio 13 Bio 14 Bio 15 Bio 16 Bio 17 Bio 18 Bio 19

PI 76.6 51.9 61.1 80.5 51.7 79.6 36.8
PC 82.7 59.0 80.1 84.4 59.7 85.3 33.8
JK 0.388 0.172 0.261 0.427 0.165 0.477 0.020
PI 23.4 48.1 38.9 19.5 48.3 20.4 63.2
PC 17.3 41.0 19.9 15.6 40.3 14.7 66.2
JK 0.119 0.120 0.127 0.120 0.112 0.122 0.117
PI 90.9 65.3 74.6 91.3 65.6 94.5 54.8
PC 96.7 91.1 92.8 97.6 92.5 98.9 55.5
JK 0.389 0.172 0.249 0.424 0.152 0.484 0.019
PI 9.1 34.7 25.4 8.7 34.4 5.5 45.2
PC 3.3 8.9 7.2 2.4 7.5 1.1 44.5
JK 0.019 0.022 0.019 0.020 0.018 0.020 0.015
PI 63.2 53.5 45.5 68.2 51.6 73.1 22.3
PC 62.0 60.1 53.3 63.2 55.7 70.9 10.1
JK 0.387 0.177 0.240 0.427 0.165 0.485 0.018
PI 36.8 46.5 54.5 31.8 48.4 26.9 77.7
PC 38.0 39.9 46.7 36.8 44.3 29.1 89.9
JK 0.168 0.172 0.163 0.170 0.175 0.167 0.169
PI 74.3 58.3 61.5 76.8 53.0 82.9 33.0
PC 73.7 68.5 69.1 75.6 64.2 84.5 18.8
JK 0.396 0.163 0.245 0.425 0.152 0.486 0.019
PI 25.7 41.7 38.5 23.2 47.0 17.1 67.0
PC 26.3 31.5 30.9 24.4 35.8 15.5 81.2
JK 0.115 0.109 0.118 0.116 0.118 0.118 0.124
PI 66.0 46.2 55.1 77.5 43.6 76.6 8.4
PC 76.6 52.8 65.0 79.0 49.8 82.0 3.9
JK 0.395 0.177 0.253 0.428 0.166 0.475 0.020
PI 34.0 53.8 44.9 22.5 56.4 23.4 91.6
PC 23.4 47.2 35.0 21.0 50.2 18.0 96.1
JK 0.229 0.222 0.216 0.227 0.225 0.225 0.223
PI 73.7 53.4 52.3 80.8 52.1 85.9 41.3
PC 85.0 57.7 72.7 86.5 53.7 87.6 26.3
JK 0.387 0.169 0.246 0.428 0.156 0.475 0.018
PI 26.3 46.6 47.7 19.2 47.9 14.1 58.7
PC 15.0 42.3 27.3 13.5 46.3 12.4 73.7
JK 0.099 0.101 0.104 0.101 0.107 0.105 0.103
PI 87.6 61.2 69.2 89.5 59.3 94.4 50.0
PC 96.1 90.0 88.7 96.7 89.0 98.8 55.0
JK 0.393 0.168 0.251 0.428 0.155 0.486 0.020
PI 12.4 38.8 30.8 10.5 40.7 5.6 50.0
PC 3.9 10.0 11.3 3.3 11.0 1.2 45.0
JK 0.015 0.015 0.015 0.016 0.014 0.015 0.019
PI 60.4 35.2 39.0 65.2 32.2 65.9 7.8
PC 72.0 40.7 41.5 75.4 36.4 81.1 2.1
JK 0.393 0.165 0.252 0.434 0.155 0.482 0.020
PI 39.6 64.8 61.0 34.8 67.8 34.1 92.2
PC 28.0 59.3 58.5 24.6 63.6 18.9 97.9
JK 0.324 0.333 0.329 0.317 0.331 0.321 0.331
PI 72.9 53.2 56.5 75.0 47.2 84.2 30.8
PC 83.2 62.3 59.1 86.8 57.1 89.1 15.6
JK 0.394 0.169 0.250 0.418 0.158 0.477 0.018
PI 27.1 46.8 43.5 25.0 52.8 15.8 69.2
PC 16.8 37.7 40.9 13.2 42.9 10.9 84.4
JK 0.196 0.190 0.196 0.188 0.189 0.198 0.191
PI 74.7 52.8 59.4 78.9 58.0 83.9 26.3
PC 79.4 54.4 70.5 82.7 56.7 85.0 12.3
JK 0.377 0.166 0.250 0.426 0.166 0.478 0.020
PI 25.3 47.2 40.6 21.1 42.0 16.1 73.7
PC 20.6 45.6 29.5 17.3 43.3 15.0 87.7
JK 0.162 0.159 0.167 0.151 0.157 0.160 0.161
PI 67.6 47.1 50.2 78.1 45.7 80.4 39.8
PC 80.5 58.2 71.2 81.3 56.3 84.3 27.4
JK 0.379 0.163 0.250 0.422 0.156 0.476 0.022
PI 32.4 52.9 49.8 21.9 54.3 19.6 60.2
PC 19.5 41.8 28.8 18.7 43.7 15.7 72.6
JK 0.140 0.150 0.155 0.152 0.153 0.149 0.154
PI 85.2 39.4 51.0 80.7 41.2 86.0 26.7
PC 97.1 40.0 51.3 94.4 31.3 95.3 14.4
JK 0.393 0.168 0.257 0.431 0.157 0.492 0.020
PI 14.8 60.6 49.0 19.3 58.8 14.0 73.3
PC 2.9 60.0 48.7 5.6 68.7 4.7 85.6
JK 0.245 0.255 0.259 0.251 0.247 0.247 0.252
PI 29.1 37.8 46.3 25.6 64.4 18.2
PC 23.5 35.8 28.6 21.3 75.3 8.1
JK 0.180 0.245 0.452 0.166 0.496 0.022
PI 70.9 62.2 53.7 74.4 35.6 81.8
PC 76.5 64.2 71.4 78.7 24.7 91.9
JK 0.408 0.364 0.414 0.395 0.401 0.419
PI 53.5 75.9 24.9 80.9 31.2
PC 53.5 79.4 8.8 83.7 15.0
JK 0.248 0.448 0.163 0.511 0.018
PI 46.5 24.1 75.1 19.1 68.8
PC 46.5 20.6 91.2 16.3 85.0
JK 0.168 0.177 0.172 0.181 0.178
PI 69.2 40.7 72.9 22.1
PC 66.4 44.0 70.7 8.6
JK 0.427 0.162 0.478 0.022
PI 30.8 59.3 27.1 77.9
PC 33.6 56.0 29.3 91.4
JK 0.249 0.248 0.254 0.242
PI 25.1 61.4 12.9
PC 17.9 79.7 6.6
JK 0.161 0.502 0.021
PI 74.9 38.6 87.1
PC 82.1 20.3 93.4
JK 0.438 0.446 0.432
PI 82.0 38.7
PC 86.3 23.6
JK 0.495 0.024
PI 18.0 61.3
PC 13.7 76.4
JK 0.166 0.166
PI 4.7
PC 1.2
JK 0.020
PI 95.3
PC 98.8
JK 0.501
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