
Abstract: Lakes have been suggested as an indicator of climate change; however, 

long term, systematic records of lake temperature are limited. Satellite remote sensing 
is capable of supporting lake temperature mapping with advantageous of synoptic 
coverage over large areas. The goal of this research application was to assess 
spatiotemporal trends in lake skin temperature for all lakes over 8 hectares across 
northern New England for the past three decades. Nearly 10,000 Landsat scenes for 
July, August, and September from 1984-2014 were processed using ModTRAN and 
MERRA parameterization to generate atmospherically corrected lake skin temperature 
records. Results show, on average, lakes are warming at a rate of 0.8˚C / decade. 
Complementing regression and space-time analyses showed similar results (R2=0.63) 
for temperature trends. No major hot spots were found as lake temperature changes 
were heterogeneous on a local scale and evenly distributed across the region. 
Maximum and minimum daily temperature, lake size, and elevation were found as 
significant drivers of lake temperature. This effort provides the first regionally focused 
and comprehensive spatiotemporal assessment of thousands (n=3,955) of lakes 
concentrated in one geographic region. The approach is scalable and potentially 
adaptable to any region for assessing lake temperature trends and potential drivers.

Methods

Conclusions
• On average, lakes are warming at a rate of 0.8˚C / decade. 
• Complementing regression and space-time analyses showed similar results (R2=0.63) for temp trends. 
• No major hot spots were found as lake temperature changes were heterogeneous
• Maximum and minimum daily temperature, lake size, and elevation were found as significant drivers of 

lake temperature. 

Data
• Landsat (TM, ETM+ OLI); 30m, 16-day revisits with each platform 8-day offset
• MERRA atmospheric profiles using OPeNDAP
• NOAA National Data Buoy Center
• DAYMET weather variables from ORNL DAAC

• Conceptual workflow to derive Landsat lake temperature and assess for 
spatiotemporal patterns. 

• Northern New England study area (left) with lakes (blue), locations of 
calibration buoys (red), Landsat path row footprints, and example NOAA 

buoys (right).

• Operational Landsat temperature records compared against NOAA 
NLCD near simultaneous observations (left) and example errors for 
four selected buoys (right) showing average error -0.06 to 0.42˚C.

GEODRIVER SPATIAL TEMPORAL SOURCE
temperature minimum (tmin) 1km daily DAYMET
temperature maximum (tmax) 1km daily DAYMET
solar radiation (srad) 1km daily DAYMET
precipitation (prcp) 1km daily DAYMET
elevation 30m - SRTM
lake surface area vector - Spatial Analyses
distance to ocean (D2O) m - Spatial Analyses
path row (sampling frame) vector - USGS

Model section Coefficient parameter stan dev t-stat p-value

Space-time drivers (gamma) Tmax 0.432 0.040 10.699 0.00000

Tmin 0.281 0.050 5.667 0.00000

Srad 0.005 0.004 1.264 0.17936

Prcp 0.068 0.043 1.591 0.11247

Constant basis function drivers (alpha_f0) Intercept 7.926 1.970 4.023 0.00012

PATH -0.135 0.094 -1.436 0.14226

Trend basis function drivers (alpha_f1) Intercept 0.547 0.177 3.085 0.00342

log.Elev -0.053 0.020 -2.711 0.01010

log.AREASQKM -0.070 0.006 -11.672 0.00000

Constant basis function spatial correlation log.range.const.exp -0.716 0.386 -1.856 0.07129

log.sill.const.exp -0.884 0.044 -19.888 0.00000

Trend basis function spatial correlation log.range.V1.exp -0.428 1.696 -0.252 0.38645

log.sill.V1.exp -3.737 0.123 -30.472 0.00000

Space-time error field nu.log.range.exp 5.044 0.079 64.198 0.00000

nu.log.sill.exp 1.385 0.070 19.735 0.00000

nu.log.nugget.(Intercept).exp -0.067 0.012 -5.406 0.00000

Parameter Estimate from SpatioTemporal Model

• Geodrivers considered as influencing spatiotemporal lake tempe patterns

𝑇𝑒𝑚𝑝 𝐶 = 𝛽0 + 𝛽𝑦𝑒𝑎𝑟 𝑌𝑒𝑎𝑟 −𝑚𝑒𝑎𝑛(𝑦𝑒𝑎𝑟) + 𝛽𝐷𝑂𝑌 𝐷𝑂𝑌 −𝑚𝑒𝑎𝑛(𝐷𝑂𝑌) +

𝛽𝐷𝑂𝑌^2 𝐷𝑂𝑌 −𝑚𝑒𝑎𝑛(𝐷𝑂𝑌) 2 + 𝜀

Exploratory trend mapping 

Space – time model
𝑦(𝑠, 𝑡) = 𝜇(𝑠, 𝑡) + 𝜈(𝑠, 𝑡)

where y(s,t) denotes the satellite derived lake skin temperatures indexed by lake
location, s, and year t, μ(s, t) is the mean field for the water temperatures with both
spatial and temporal correlations and 𝜈(𝑠, 𝑡) is the space-time residual Gaussian field
with zero mean and spatial dependence variance. The observations are assumed
independent in time.

• Exploratory trend estimates in 
degrees C per decade, where dark 
green indicates trends with p-
value less than 0.05. 

• Histograms for P (A) and R2 (B) values 
for the global test statistic and (C) 
skewness, (D) kurtosis, (E) 
misspecified link function, and (G) 
heteroscedasticy.

• Spatially-varying exploratory individual regression temperature and trend coefficients for 
mapping spatiotemporal lake skin temperature trends in NNE using Landsat.

Outcomes

• Summary regression and 
violation statistics for example 
case study lakes
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