Geostatistical exploration of spatial variation of summertime temperatures in the Detroit metropolitan region
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Supplemental Materials
Appendix A. Lake effect selection model protocol
1. Characterization of afternoons

1.1 Land-Water Difference

First we acquired the hourly air temperatures, from the National Climate Date Center (NCDC), between 12 and 6pm, at Detroit Metro (KDTW) airport, Detroit City (KDET) airport, a buoy on Lake St. Clair (LSCM4) and another on Lake Erie (45005).  Next, we determined both the maximum and average inland-water temperature differences, more specifically the differences between KDET-LSCM4 and KDTW-45005 (Lake St. Clair and Lake Erie, respectively).  If the maximum temperature difference was above 6°F and the average temperature difference was at 5°F or more, then the respective land-water difference would be given a level 1 status.  If the maximum temperature difference was at or above 10°F and the average difference was at or above 7°F, then it was given a level 2 status; subsequently if it had a maximum difference at or over 12°F and the average difference was over 9°F then a level 3 status was given.  The thresholds are the same for both land-water sets, except the KDTW-45005 level 3 status which requires a 10°F maximum, instead of 12°F. These thresholds were made after analysis of the Land-Water differences through several years worth of data, and a brief literature review on lake breezes.  

1.2 Clear-Cloudy Afternoon  and Morning Variables

First we acquired the hourly sky cover percentages, from the NCDC, between 11pm and 5am and 11am and 5pm, at KDTW, KDET and Troy-Oakland (KVLL) airport.  Next, we took the average of the values, across time and space and set them to the morning and afternoon variables, respectively.  If this value was over 60% then those days the respective clear-cloudy variable was set to “cloudy” and if it was under 40% then it was considered “clear”.

1.3 Wind Speed-Direction Variable

First we acquired the hourly wind speeds and directions, from the NCDC, between 12-5am (EDT) and 12-5pm at KDTW and Willow Run (KYIP) airport.  We averaged each hour’s observations, of wind and direction, between the two airports.  Next, we acquired the hourly wind speeds and directions, from the NCDC, between 12-5am and 12-5pm at KDET and KVLL.  We then took of the temporal and spatial average between KDET, KVLL and the KDTW-KYIP average, giving us the morning and afternoon values.   It’s important to note, the reason for the first averaging (KDTW and KYIP) was robustness and the second averaging (with KDET and KVLL) was because we were trying to spatially average from surrounding airports.  

This was meant to give us the synoptic wind direction and synoptic wind speed values (i.e. they are large spatial averages from mostly inland locations).  If the morning wind speed value was above 9 mph then it was characterized as “windy” and if it was below 4 mph the morning was considered “calm” and otherwise “average”.  If the afternoon wind direction orientation is between 35° and 185° (clockwise from north) then we said the afternoon synoptic wind was “from the lakes”, otherwise we said it was “from the land”.  If the afternoon wind speed value was above 12.5 mph then the afternoon was considered “windy”, if it was below 6.5 mph then the afternoon was considered “calm” and otherwise “average”.

1.4 Signs of a Lake Breeze

There were 2 wind-monitoring locations, which lent themselves to directly observing lake breezes; Grosse Ile Municipal (KONZ) airport is located on the north western corner of lake Erie and the Layfayette station of the MDEQ’s monitoring network located 500m west of the Detroit river.  The former, hourly data was acquired from the NCDC and the later by contacting the MDEQ.  If the average wind direction orientation between 12 and 5pm at KONZ was between 95° and 235° (clockwise from north), then we assumed we saw “indication of breeze off lake Erie”.  If the average wind direction orientation between 12 and 5pm at Layfayette station was between 0° and 180°, then we assumed we saw “indication of breeze off of the Detroit River”.

2. Selection of days

2.1  “Daily high as a function of proximity to water”

There were a few different scenarios, which triggered a day to selected as a function of distance to one of the water bodies.

· The synoptic winds were directionally from the lakes, the synoptic wind speeds were not classified as“windy”, and one of the Land-Water differences was at least a level 1.  This was to account for days with cold air advection from the cooler water bodies, but excluding days where the entire metropolitan region is engulfed (high winds).

· The afternoon was characterized, as having “calm” wind speeds and either of the Land-Water differences was a level 3.  This accounted for days, which had both light winds and a large enough temperature gradient to surmount synoptic winds, possibly blowing from land, against any “lake breeze” phenomena.

· The afternoon was characterized, as having synoptic winds from the land, having “calm winds”, “clear” skies, any Land-Water difference level of 2 or better and evidence of breeze off of the Detroit River.  This selected days that we surmised were conducive for having a lake breeze and we saw some indicator of that being true from the river connecting both lakes.

· The afternoon was characterized, as having synoptic winds from the land, having “calm winds”, “clear” skies, a Lake Erie Land-Water difference level of 2 or better and evidence of breeze off of Lake Erie.  This accounted days that we surmised were conducive for having a lake breeze and we saw some indicator of that being true from Lake Erie.

2.2  “Daily high as a function of impervious %”

Days with afternoons labeled as “clear” with “calm” wind speeds were selected.  

2.3 “Daily low as a function of impervious %”

Days with mornings labeled as “clear” with “calm” wind speeds were selected.

Appendix B. Supplemental tables and figures
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Supplemental Figure 1. Associations between the percent impervious surface in the 800 meters around each of the 17 HOBO sites and three temperature indicators at 17 sites during the study period (Each straight line represents a fitted linear-regression line; r = Pearson’s correlation coefficient; B = the linear effect coefficient for impervious percent; the time length is defined as the duration of temperature measurements above the threshold of 18.3 oC for a given site). 
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 Supplemental Figure 2.  Associations between the distance-to-water and three temperature indicators at 17 sites during the study period. Otherwise as Supplemental Figure 1.
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Supplemental Figure 3.  Scatterplots of model performance (root mean squared error) and correlation coefficients of daily 5 a.m. temperature and impervious surface or distance-to-water on each day (Each point represents a pair of RMSE and the correlation between temperature and impervious surface or distance-to-water across sites on a specific day.). 
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Supplemental Figure 4.  Scatterplots of model performance (root mean squared error) and correlation coefficients of daily average temperature and impervious surface or distance-to-water on each day (Each point represents a pair of RMSE and the correlation between temperature and impervious surface or distance-to-water across sites on a specific day.).
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Supplemental Figure 5.  Scatterplots of model performance (root mean squared error) and correlation coefficients of daily 5 p.m. temperature and impervious surface or distance-to-water on each day (Each point represents a pair of RMSE and the correlation between temperature and impervious surface or distance-to-water across sites on a specific day.).
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Supplemental Figure 6.  Scatterplots of model performance (RMSE) and the variance of daily 5a.m. temperature on each day (Each point represents a pair of RMSE and the variance of daily 5 a.m. temperature across sites on a specific day.).
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Supplemental Figure 7.  Scatterplots of model performance and the variance of daily average temperature (Each point represents a pair of RMSE and the variance of daily average temperature across sites on a specific day.)
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Supplemental Figure 8.  Scatterplots of model performance and variance of daily 5 p.m. temperature (Each point represents a pair of RMSE and the variance of daily 5 p.m. temperature across sites on a specific day.)
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