MaxT_TotGDU has the highest correlation with weekly ET and NDVI values. It’s 1% higher correlation than AvgT_TotGDU (and that is a significant difference because I performed an ANOVA on MaxT_TotGDU vs. AvgT_TotGDU). HOWEVER, I didn’t have the 4-week and cumulative GDU series prepared for the Max temperatures, so I went ahead and used the Avg temperatures, anyway. These results are in the NDVI and ET correlation table (Table AA).
Perform a separate correlation analysis to determine which GDU implementation works best for the start of season ET week and NDVI week and use it for the colored boxplot figure.
Figure out what the SOST should be. My eyeball version is too confused with snowmelt. Plot the NDVI lines graphs for all 52 weeks and try using the pre-snow senesced level as a threshold for the spring start-up.
1. Introduction
2. Methods
2.1. We needed remote estimates of vegetation SOST to be as tight as possible with environmental conditions that signal the start of the growing season on the ground, so we manually determined the first week when NDVI trajectories began their continuous rise toward full leaf-out conditions. This enabled us to avoid “false starts,” when early snowmelt can cause a bump in NDVI from exposing evergreen vegetation before the onset of spring.
2.2. Interplay between T and Precip, if needed, to understand water availability
Climatographs.
3. Results 
3.1. Weather 
3.1.1. Temperature 
3.1.1.1. Since the 1970s temps were mostly warmer than historical means across all 4 climate divisions
3.1.1.2. 2012 was the warmest season on record and 2010 was the 2nd warmest (except for Tam area). Mostly due to higher temps in March or early April. Winter temps in these years likely helped earlier snowmelt.
3.1.1.3. 2008 and 2009 were cooler than historical mean. Thus, our study years covered a range of conditions
3.1.1.4. 
3.1.2. Precipitation
3.1.2.1. No consistent recent trends
3.1.2.2. Monthly and seasonal precip varied among study areas and years
3.2. Earth-surface phenology
· Annual timing of above-freezing air temps, including GDUs from the standpoint of vegetation and ET activity: what was difference between the timing of the median air temps >= 0 and the start of GDUs (how much lag)?
· Snow-off timing compared with air temps (>0 deg) timing and snow-off timing compared with GDUs: snow free generally at or after time of warm temperatures)
· Calling timing
· Length of phenophases and peak calling for P crucifer and H chrys/vers. Earliest calls were in 2012.	
3.3. Water depths v. precip., calling, reproductive success
· Dynamic w/in and across years
· Several wetlands dried early in 2009 and began dry/low in 2010 before filling
· Water depths closely tracked quantity and distribution of rainfall and affected calling.
3.4. Site occupancy
3.4.1. Upward trend of occupancy for P crucifer across study years except when sites were dry.
3.5. Evapotranspiration
3.5.1. Evapotranspiration
· ET is estimated based on satellite-derived landsurface temperature, so it was not surprising that ET was correlated strongly with growing-season temperatures measured at weather stations. As with NDVI, the strength of the correlation increased with the length of the time scale (weekly  monthly  cumulative season to-date).
· ET sometimes acted as anticipated, sometimes not, in terms of cumulative response over the season (thru-August boxplots).
3.6. Vegetation greenness
3.6.1. NDVI was less strongly correlated with precipitation than it was with air temperature. However, as with temperature, the strength of the correlation between NDVI and precipitation did increase with the length of the time scale (weekly  monthly  seasonal to-date), and “to-date” scales revealed strong correlations with NDVI. 
3.6.1.1. NDVI correlated strongly with growing-season temperatures, and the strength of the correlation increased with the length of the time scale (weekly  monthly  cumulative season to-date).
3.6.1.2. In years when growing conditions started early (2010, 2012), vegetation responded accordingly (Fig. FF) and tended to provide more weeks in full leaf-out conditions during the growing season (Fig. EE). 
3.6.1.3. Differences in early season growing conditions among years were apparent in NDVI data for all study areas, but for the UMR largely became obscured by May (Fig. FF).

3.6.1.4. Greenup curve frequently preceded GDUs and snow-off. Easier to explain the latter than the former.

4. Discussion
4.1. Temperature
4.1.1.  Relevance of historical and recent dynamics.
· Distinction between coarser time scale of Division data and daily dynamics and resulting influence of the daily dynamics on surface water avail. and reproductive success.
· Predictions suggest mostly increased, variable  precipitation across much of this region, with changes in seasonal patterns and more frequent intense events.
4.1.2. Earth-surface phen v. temperatures 2008-2012
4.1.2.1. Disconnectedness bet SOST and timing of events later in the season
4.2. Precipitation
4.2.1. Historical and recent dynamics and temporal scale
· As with temperature data, precip data at finer time scales than seasons enabled us to evaluate ecological responses to weather dynamics in ways that were more informative because they occurred within biologically meaningful time frames, such as those that affect amphibian reproductive activity and success.
4.2.2. Precip vs. surface water avail, calling, and reproductive success
4.3. Site occupancy for P crucifer
4.4. ET
· In addition to what you plan to insert, can you say anything about ET relations to rainfall (as it would relate back to the water depths as part of the results)?
· Talk about why the increase in strength of relation between ET and GDUs and precipitation at longer time scales.
· We compiled climatographs to help us interpret estimated ET. These graphs provide very general approximations of the interplay between air temperatures and water availability because they are based on a constant relation, with no incorporation of local information about soil moisture-holding capacity or vegetation types, both of which affect rates of ET (CITATIONS). However, the graphs are helpful as simple models to help interpret when water availability may be sufficient or insufficient to meet ET demand.
· Years 2008 and 2009 were cooler than the long-term mean (Fig. 6), and 2009 was one of the drier years, except for the Tam area, according to the NOAA Divisional data (Fig. 6), and the estimated ET across sites of all four study areas was lowest in this year (less moisture available to evaporate/transpire and less “demand” from air temperatures). Year 2008 did not start out dry; in fact, the snowpack was very late in leaving (Fig. 8), which delayed the onset of green-up across the study areas (latest median start-of-season across all study areas (Fig. 8b  my side of the figure).
· Snow was also late to leave sites in 2011 across all study areas, again delaying the start of green-up & associated ET (Fig. 8b).
· ET has to be understood with respect to the interplay between rainfall and temperature. Describe with respect to climatographs..
· Year 2010 was the wettest year and quite warm (though less so than 2012). As a result, the Jan-Aug estimated ET responses were highest in 2010 at Tamarac and UMR (Fig. EE). Uncertain why we do not find similar responses for 2010 at StC and TL.  look in ArcMap at the neighborhoods to see if there is anything I can say relative to understanding these observations.
· The climatograph (Fig. S#) for the long-term weather station closest to the Tamarac study area shows that precipitation was most plentiful, with regard to air temperature “demand” for water loss, in 2008 and 2010, and this seems to be echoed by the relatively higher rates of estimated ET for Tam sites in these years (Fig. EE).
· The climatographs for the stations used for the StC study area all indicated that 2009 would have been a water-limited season (Fig. S#); 2010 would have had plentiful water after a short-term water-shortage at the start of the season; and 2010 would have begun the season with a good water supply that dwindled to dry conditions sometime around late July to mid-August. Temporal patterns in water availability were more varied across weather stations in 2008 and 2011. The StC sites have a large geographic range and therefore may be influenced by different seasonal conditions in different parts of the study area. Years in which greater variability in local conditions occurs across the study area may obscure some relations between seasonal weather and ET/NDVI when summarized at the level of the study area.  
· Climatographs for the stations near the TL sites indicated that they would have had the most pronounced water shortages in 2009, and that water availability also would have been insufficient in the latter part of the growing season in 2008, 2011, and 2012 (Fig. EE). This may be why there are similar estimates for total ET across the study area for 2008 and 2011. ET response in 2012 likely was higher because the growing season started so early and there was sufficient water available in the landscape to support to keep up with the exceptionally warm air temperatures and plant growth. Cooler than average temperatures and dry landscape conditions restricted ET in 2009 at TL sites.
· Climatographs for weather stations near the UMR sites showed that precipitation tended to be more front-loaded for growing seasons in 2008 and 2011, although relatively more limiting in 2011. Water availability also would have been limiting at times in 2009 and 2012, but air temperatures were cooler than average in 2009, resulting in low estimated ET for that year. Limited water availability at multiple intervals during the growing season in 2012 likely explains why the record-breaking warm air temperatures did not result in correspondingly high estimates of ET for the UMR sites. Climatographs show abundant water availability after an initial shortage at the beginning of the growing season in 2010, and coupled with the very warm air temperatures, explain the relatively higher estimated ET for that year compared with other years at UMR (Fig. EE).
· 
· We found that the approach used to estimate ET was not sensitive to start-of-season differences in temperature and vegetation growth across years (Fig. ET start-of-season boxplots). This likely is because the algorithm is parameterized at a national level, rather than at regional levels .

· The in-situ monitoring showed how critical the local-scale conditions are for habitat that favors successful amphibian breeding and completion of larval development through metamorphosis. The environmental conditions we can monitor by satellite obscure those features because (1) the data are coarser spatially and temporally and (2) the vegetation signal in these north-central landscapes is XXXXXXXXXXXX species that have access to moisture supplies that persist longer than the ponded water at the surface. Water stress can take longer to be detected in the vegetation because some overstory species have long roots that tap into deeper supplied of water than what amphibian can access at the surface. The 250-m spatial resolution of the satellite data we used for monitoring NDVI accommodates a lot of mixing of vegetation species, so it can obscure the responsiveness of some plant species, especially in the understory, if overstory trees have roots that can tap into deeper water supplies. Use of higher spatial resolution data, such as from Landsat sensors, for within-season monitoring of vegetation response is becoming possible with the advent of new techniques and technology (CITTIONS) and with new complementary satellite sensors (e.g., SENTINEL 2) that are expected to enable denser, sensor-integrated time series for monitoring the Earth’s surface than previously possible (CITATION). This will shorten the time steps available for remote monitoring to better assess responsiveness to within-season weather characteristics.
· [bookmark: _GoBack]Does Gabriel’s new regionally parameterized ET have more sensitivity to SOS?

4.5. NDVI
· Can you say anything about relations to rainfall over the course of a season, as it would relate back to the water depths as part of the results? More for the discussion?
· Talk about why the increase in strength of relation between NDVI and GDUs and precipitation at longer time scales.
· NDVI – not surprising it was less correlated with precipitation than with GDU. The temperature Midwest forests are generally less water-limited than temperature limited. This contrasts with the strong relations between NDVI and precipitation observed in arid and semiarid regions.
· It also makes sense that NDVI would have strong correlation with the seasonal cumulative precipitation than with shorter time scales, as the vegetation in this part of the country has a unimodal temporal green-up and senescence curve for a growing season; so, once bud burst has been initiated, the plants are “committed” for the season. The overall growth/senescence curve for the season should relate more to the season-long growing conditions than to the conditions of any given week. This contrasts to arid/semiarid regions, where vegetation can green-up and senesce multiple times during the year in synchrony with moisture availability.
· Number of weeks of full-leaf-out conditions through August was greatest in 2012, the hottest year. It was an early green-up year for sites across the four nodes (Fig. FF). Year 2010 also was an exceptionally warm growing season and vegetation growth at three of four study areas got off to an early start, but 2012 had a comparatively stronger pulse of early season warm temperatures (see Fig. 4), which led to the greatest number of weeks in full leaf-out condition among the five years we studies (Figure EE). 
· The five-year span of our study appears to coincide with a potential increasing trend in greenness in three of four study areas (Fig. EE). Without a longer-term analysis we cannot know if this really is a trend or simply a portion of a cycle operating at a coarser scale.

· Plant growth in the temperate forest of the Upper Midwest region of the United States tends to be limited more by air temperature than water availability in most years. For this reason we see stronger correlation of NDVI to air temperature than to precipitation. This contrasts with results from semiarid to arid regions, where NDVI shows a strong correlation with precipitation (CITATIONS).
· Our method for determining vegetation SOST probably included some mixing of apparent green-up due to snowmelt along with actual budding of new vegetation growth. We could more easily distinguish start-of-green-up from exposure of evergreen vegetation due to snowmelt when the latter occurred very early in the year than when it occurred close to the time when green-up could conceivably begin (i.e., adequate photoperiod and local air temperatures). We know from field experience that amphibians generally begin call at our study areas while vegetation is still dormant.
· Snow was also late to leave sites in 2011 across all study areas, again delaying the start of green-up (Fig. 8b).
· Overall: The in-situ monitoring showed how critical the local-scale conditions are for habitat that favors successful amphibian breeding and completion of larval development through metamorphosis. The environmental conditions we can monitor by satellite obscure those features because (1) the data are coarser spatially and temporally and (2) the vegetation signal in these north-central landscapes is XXXXXXXXXXXX species that have access to moisture supplies that persist longer than the ponded water at the surface. Water stress can take longer to be detected in the vegetation because some overstory species have long roots that tap into deeper supplied of water than what amphibian can access at the surface. The 250-m spatial resolution of the satellite data we used for monitoring NDVI accommodates a lot of mixing of vegetation species, so it can obscure the responsiveness of some plant species, especially in the understory, if overstory trees have roots that can tap into deeper water supplies. Use of higher spatial resolution data, such as from Landsat sensors, for within-season monitoring of vegetation response is becoming possible with the advent of new techniques and technology (CITTIONS) and with new complementary satellite sensors (e.g., SENTINEL 2) that are expected to enable denser, sensor-integrated time series for monitoring the Earth’s surface than previously possible (CITATION). This will shorten the time steps available for remote monitoring to better assess responsiveness to within-season weather characteristics.


5. Conclusions
5.1. Line 771 – The MODIS satellite record goes back to 2000, which not very long for studying variability in climate, but in-situ data are exceptionally limiting.
5.2. Line 798 – The five-year span of our study appears to have captured the suggestion of an increasing trend in greenness in three of four study areas (Fig. EE), but without a longer-term analysis we cannot know if this really is a trend or portion of longer-term cycles.


