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Table S1. Hydrogeophysical methods conducted in the three surveyed peat bogs, the period of data collection, and 
the number of surveys and/or samples taken. 

Method Caribou Bog Thousand Acre Bog Meddybemps Heath 
Ground-Penetrating 
Radar Surveys 

Comas et al., 2011 
(n = 2) 

August 2023, June 2024 
(n = 14) 

November 2023 
(n = 6) 

Transient 
Electromagnetic 
Induction Surveys 

May 2025 
(n = 1) 

May 2025 
(n = 1) 

May 2025 
(n = 1) 

Point Temperature and 
Specific Conductance 
Measurements 

August 2022 
(n = 247) 

August 2023 
(n = 888) 

August 2023 
(n = 324) 

Uncrewed Aerial 
Systems Thermal 
Infrared Mapping 

June 2023 
(n = 1) 

August 2023 
(n = 1) 

June 2023, August 2023, 
November 2023 

(n = 3) 
Handheld Thermal 
Infrared Imagery 

None None June 2024 
(n = 6) 

Inductively-Coupled 
Plasma Optical 
Emission Spectrometry 

November 2023 
(n = 10) 

August 2023 
(n = 10) 

August 2023 
(n = 10) 

 



 

Figure S1: Select supplementary GPR transects (velocity = 0.0360 m/ns) from Comas et al. (2011) displaying 
glacial esker ridges correlating with the eastern edge of the patterned pools of Caribou Bog. Basemap data: © 
Microsoft (2024). 



 

Figure S2: Additional GPR transects (velocity = 0.0360 m/ns) collected around the patterned pools of 
Thousand Acre (Crystal) Bog. 



Figure 
S3: GPR transects (velocity = 0.0360 m/ns) collected around the patterned pools of Meddybemps Heath, 
indicating the locations of mineral sediment discontinuities relative to the surface of the peatland. Basemap 
data: © Microsoft (2024). 



 

Figure S4: Additional GPR transects (velocity = 0.0360 m/ns) collected around the patterned pool system in 
Meddybemps Heath. 

 



 

Figure S5: The a) temperature (ºC) and b) specific conductance (µS/cm) collected around the patterned 
peatland pools (n=13) of Caribou Bog on August 23rd, 2022, and August 24th, 2022. Basemap data: © 
Microsoft (2024). 



Table S2. Sample size, coefficient of determination, slope, and interpreted dominant water source for 13 
patterned peatland pools analyzed in Caribou Bog. 

Pool 
Number 

Sample 
Size (n) 

Coefficient of 
Determination 

(R2) 

Slope (m) p-value (p) 

1 5 0.33 -9.0 0.32 
2 49 0.19 -5.0 1.7E-3 
3 7 0.021 3.8 0.75 
4 6 0.96 9.7 6.1E-4 
5 55 0.47 -6.6 9.3E-9 
6 37 0.20 -9.0 5.9E-3 
7 5 0.0053 1.2 0.91 
8 26 0.11 -3.2 0.094 
9 24 0.46 -6.1 3.0E-4 

10 17 0.12 -6.5 0.18 
11 4 0.00040 0.91 0.98 
12 6 0.20 22 0.38 
13 6 0.62 -16 0.062 

 



 

Figure S6: The a) temperature (ºC) and b) specific conductance (µS/cm) collected around the patterned 
peatland pools (n=37) of Thousand Acre (Crystal) Bog on August 8, 2023, August 10, 2023, and August 15, 
2023. Basemap data: © Microsoft (2024). 



 

Figure S7: Groundwater indicator (Gi) values (n = 888), in a) given as ratios of specific conductance (µS/cm) 
to temperature (ºC) collected at 0.25-meters depth along the perimeter of patterned pools (n = 37) of 
Thousand Acre (Crystal) Bog (August 8, 2023, August 10, 2023, and August 15, 2023) with interpreted trends 
of underlying glacial esker deposits inferred from GPR data, and the inferred direction of lateral spreading 
for the pool system. Histograms in b) show the normalized frequency of Gi values of the upgradient and 
downgradient sections, split by the major axis of the patterned pool system. In b), a Mann-Whitney U-Test 
shows a significant p-value for the difference between the two populations, and the probability of superiority 



demonstrates the upgradient side of the pools consists of statistically larger Gi values than the downgradient 
side of the pools. Basemap data: © Microsoft (2024). 

Table S3. Sample size, coefficient of determination, slope, and interpreted dominant water source for 37 
patterned peatland pools analyzed in Thousand Acre (Crystal) Bog. 

Pool 
Number 

Sample 
Size (n) 

Coefficient of 
Determination 

(R2) 

Slope (m) p-value (p) 

1 11 0.56 -13 8.0E-3 
2 7 0.28 1.0 0.22 
3 7 0.71 -30 0.018 
4 13 0.49 -5.3 7.8E-3 
5 11 0.14 21 0.25 
6 19 0.43 -4.1 2.3E-3 
7 7 0.41 -7.5 0.12 
8 17 0.0074 0.31 0.74 
9 294 0.19 -4.2 2.7E-15 

10 8 0.34 -3.5 0.13 
11 16 0.59 -14 5.6E-4 
12 13 0.29 -4.6 0.060 
13 11 0.56 -2.3 8.1E-3 
14 60 0.40 -3.7 5.6E-8 
15 8 0.16 -4.0 0.32 
16 23 0.51 -6.6 1.4E-4 
17 12 0.55 -9.1 5.5E-3 
18 16 0.46 -5.5 3.9E-3 
19 26 0.056 -0.40 0.24 
20 10 0.30 -3.2 0.10 
21 14 0.070 -0.051 0.36 
22 7 0.0078 0.35 0.85 
23 9 0.026 -0.051 0.68 
24 10 0.099 2.3 0.38 
25 13 0.58 -13 2.4E-3 
26 9 0.012 -1.4 0.78 
27 15 0.20 -4.1 0.10 
28 6 0.015 0.37 0.82 
29 9 0.59 -6.2 0.016 
30 14 0.022 0.19 0.61 
31 5 0.52 -4.3 0.17 
32 10 0.021 -1.6 0.69 
33 78 0.20 -2.2 4.71E-5 
34 38 0.014 -1.2 0.48 
35 12 0.42 -6.1 0.023 
36 23 0.075 -1.9 0.21 
37 18 0.56 -5.3 3.6E-4 

 



 

Figure S8: The a) temperature (ºC) and b) specific conductance (µS/cm) collected around the patterned pools 
(n=15) of Meddybemps Heath on August 7, 2023, and August 17, 2023. Basemap data: © Microsoft (2024). 



 

Figure S9: Groundwater indicator (Gi) values (n = 324), in a) given as ratios of specific conductance (µS/cm) 
to temperature (ºC) collected at 0.25-meters depth along the perimeter of patterned pools (n = 15) of 
Meddybemps Heath (August 7, 2023, and August 17, 2023) with interpreted trends of underlying glacial esker 
deposits inferred from GPR data, and the inferred direction of lateral spreading for the pool system. 



Histograms in b) show the normalized frequency of Gi values of the upgradient and downgradient sections, 
split by the major axis of the patterned pool system. In b), a Mann-Whitney U-Test shows a significant p-
value for the difference between the two populations, and the probability of superiority demonstrates that the 
upgradient side of the pools has statistically larger Gi values than the downgradient side of the pools. 
Basemap data: © Microsoft (2024). 

Table S4. Sample size, coefficient of determination, slope, and interpreted dominant water source for 15 
patterned peatland pools analyzed in Meddybemps Heath. 

Pool 
Number 

Sample 
Size (n) 

Coefficient of 
Determination 

(R2) 

Slope (m) p-value (p) 

1 24 0.12 0.65 0.096 
2 16 0.14 -1.2 0.15 
3 31 0.0014 -0.095 0.84 
4 10 0.053 1.1 0.55 
5 9 0.21 0.21 0.22 
6 32 0.22 -1.9 7.2E-3 
7 25 0.21 -0.64 0.020 
8 24 0.09 0.31 0.16 
9 28 0.15 -1.5 0.044 

10 12 0.50 1.1 0.010 
11 12 0.0034 0.078 0.86 
12 19 0.12 -0.42 0.14 
13 12 0.0015 0.035 0.91 
14 18 0.18 -0.97 0.083 
15 51 0.24 -1.4 2.3E-4 

 

Table S5. Tabulated local precipitation values from local NOAA weather stations prior to the five UAS TIR 
mapping surveys conducted in Caribou Bog, Meddybemps Heath, and Thousand Acre (Crystal) Bog 
Modified from NOAA (2023). 

Patterned Pools 
Surveyed 

Date of UAS TIR 
Survey 

Precipitation Three 
Days Prior (mm) 

Precipitation 24 
Hours Before (mm) 

NOAA Weather 
Station Location 

Caribou Bog June 9th, 2023 22 4.1 Orono, Maine, USA 
Meddybemps Heath June 15th, 2023 1.3 0.51 Cooper, Maine, USA 
Meddybemps Heath August 9th, 2023 29 29 Cooper, Maine, USA 
Thousand Acre 
(Crystal) Bog 

August 10th, 2023 23 20 Houlton, Maine, 
USA 

Meddybemps Heath November 3rd, 2023 NR NR Cooper, Maine, USA 
 

Text S1. UAS TIR Mapping Survey Details 

Imagery positioning was enhanced beyond the standard integrated GPS in the DJI M2EA (SZ DJI Technology Co., 

Ltd., Shenzhen, China) by using an external real time kinematic (RTK) module attached to the top of the aircraft. 

RGB and TIR imagery were collected by defining a flight pattern with the DJI Pilot app (SZ DJI Technology Co., 

Ltd., Shenzhen, China), integrated in the handheld controller of the UAS. Flights occurred at an altitude of 60 meters 



and at a speed of 1.83 m/s. The Side Overlap Ratio of the surveys was set to between 75% and 80% while the Front 

Overlap Ratio was set to 80% to ensure adequate coverage of surveyed pools. External microSD cards were used to 

store RGB and TIR imagery captured during the missions. ThermoConverter software (Aetha, 2023) was used to 

transform all raw TIR imagery from the FLIR radiometric (rJPEG) formats into 16-bit TIFF files. Agisoft Metashape 

Professional software was then used to combine individual RGB and TIR imagery into cohesive orthomosaic maps 

of the pools. The parameters used in Agisoft Metashape Professional (Agisoft LLC, St. Petersburg, Russia), for each 

RGB and TIR orthomosaic, are outlined in the supplemental materials. The parameters used in Agisoft Metashape 

Professional, for each RGB and TIR orthomosaic, are outlined in the Tables S5 through S9. Temperature ranges of 

the TIR orthomosaic maps were calibrated using a linear regression technique developed by Harvey et al. (2019). A 

strong linear relationship between hand-measured temperature and TIR temperature values was established 

(coefficients of determination (R2) varied between 0.992 and 0.997). The linear regression equation generated for 

each survey was used to calibrate the temperature ranges of TIR orthomosaic maps.  

 

Figure S10: Unmanned Aerial System (UAS) Thermal Infrared (TIR) orthomosaic map, calibrated against 
the thermal emissivity of water, of the patterned pools in Thousand Acre (Crystal) Bog (left, 14.1 °C to 35.9 
°C) highlighting a thermal gradient originating from both the (a) north and (b) southwest sections of the pools 



(right masked, 14.1 °C to 35.9 °C), with warmer temperatures observed moving eastwards. Resolution of the 
TIR orthomosaic map is 8.16 cm/pixel and TIR imagery was collected on August 10th, 2023. Basemap data: © 
Microsoft (2024). 

 

Figure S11: Unmanned Aerial System (UAS) Thermal Infrared (TIR) orthomosaic map, calibrated against 
the thermal emissivity of water, captured over the patterned pools in Meddybemps Heath on June 15th, 2023 
(left, 13.9 °C to 25.6 °C). A thermal gradient is not readily observed, highlighted in (a) the northern-most pool 
and (b) only subtly observed along the western side of the central pools (right masked, 13.9 °C to 25.6 °C). 
Resolution of the TIR orthomosaic map is 7.87 cm/pixel. Basemap data: © Microsoft (2024). 



 

Figure S12: Unmanned Aerial System (UAS) Thermal Infrared (TIR) orthomosaic map, calibrated against 
the thermal emissivity of water, of the patterned pools in Meddybemps Heath captured on August 9th, 2023 
(left, 17.8 °C to 29.0 °C). The thermal gradient transitions from cooler to warmer pool water moving 
eastwards, (a) shows the coolest temperature observed in the pools in the northern-most pool and (b) displays 
mixing dynamics originating with cooler waters on the western side of the central pools (right masked, 17.8 
°C to 29.0 °C). Resolution of the TIR orthomosaic map is 8.90 cm/pixel. Basemap data: © Microsoft (2024). 



 

Figure S13: Locations of water samples in a) Caribou Bog, b) Thousand Acre (Crystal) Bog, and c) 
Meddybemps Heath collected for Inductively-Coupled Plasma Optical Emission Spectrometry (ICP-OES) 
geochemical analysis of trace elements. Basemap data: © Microsoft (2024). 



Figure S14: Digital images of suspected peat pipe terminations around the surface of patterned pools in 
Caribou Bog, Meddybemps Heath, and Thousand Acre (Crystal) Bog. Photographs by Henry Moore, Rutgers 
University-Newark, 2022-2023. 



 

Figure S15: Hydraulic head elevations modeled from points along the patterned pool surface waters in a) 
Thousand Acre (Crystal) Bog and b) Meddybemps Heath raised northern peat bogs. All elevation data were 
retrieved from digital elevation maps published by the State of Maine (2020). 



Figure S16: Precipitation responses from the hydraulic head in three shallow wells installed in Meddybemps 
Heath from August 3rd, 2024, to August 16th, 2024. Basemap data: © Microsoft (2024). 

 

Figure S17: Hydraulic head contours between wells MB5 and MB2 crossing the patterned pools of 
Meddybemps Heath on August 16th, 2023, showing downwelling between the wells. Downwelling patterns in 
the hydrological data persist until the lagg with the transition to esker sand. 

Table S6. Agisoft Metashape Professional software (Agisoft LLC, St. Petersburg, Russia) parameters for the 
June 9th, 2023, Caribou Bog Patterned Pools thermal infrared orthomosaic. 

Align Photos (Run Twice) Surface Type: Arbitrary (3D) 

Highest Accuracy Face Count: High 

Generic Preselection  Interpolation: Enabled 

Reset Current Preselection Point Classes: All 



Reference Preselection Calculate Vertex Colors 

Estimated Build Orthomosaic 

Key Point Limit: 40,000 Type: Geographic 

Tie Point Limit: 10,000 WGS84/EPSG 32619 

Adaptive Camera Model Fitting Surface: Mesh 

Build Mesh Blending Mode: Mosaic 

Source Data: Tie Points Enable Hole Filling 

 



 

Figure S18: Calibration of thermal infrared (TIR) temperature imagery captured during the June 9th, 2023, 
Caribou Bog Patterned Pools UAS mission displaying a) TIR calibration image of painting pans with five 
different temperatures of water sampled for UAS imagery temperature values (Td) regressed in b) against 
hand sampled temperature values (Th) from the pans. The red shaded area represents the regression data 
area density. Any use of trade, product, or firm names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government. 

 

 



Table S7. Agisoft Metashape Professional software (Agisoft LLC, St. Petersburg, Russia) parameters for the 
November 3rd, 2023, Meddybemps Heath Patterned Pools thermal infrared orthomosaic. 

Align Photos (Run Twice) Surface Type: Arbitrary (3D) 

Highest Accuracy Face Count: High 

Generic Preselection  Interpolation: Enabled 

Reset Current Preselection Point Classes: All 

Reference Preselection Calculate Vertex Colors 

Estimated Build Orthomosaic 

Key Point Limit: 40,000 Type: Geographic 

Tie Point Limit: 10,000 WGS84/EPSG 32619 

Adaptive Camera Model Fitting Surface: Mesh 

Build Mesh Blending Mode: Mosaic 

Source Data: Tie Points Enable Hole Filling 

 



 

Figure S19: Calibration of thermal infrared (TIR) temperature imagery captured during the November 3rd, 
2023, Meddybemps Heath Patterned Pools UAS mission displaying a) TIR calibration image of painting pans 
with five different temperatures of water sampled for UAS imagery temperature values (Td) regressed in b) 
against hand sampled temperature values (Th) from the pans. The red shaded area represents the regression 
data area density. Any use of trade, product, or firm names is for descriptive purposes only and does not 
imply endorsement by the U.S. Government. 

 

 



Table S8. Agisoft Metashape Professional software (Agisoft LLC, St. Petersburg, Russia) parameters for the 
August 10th, 2023, Thousand Acre (Crystal) Bog Patterned Pools thermal infrared orthomosaic. 

Align Photos (Run Twice) Surface Type: Arbitrary (3D) 

Highest Accuracy Face Count: High 

Generic Preselection  Interpolation: Enabled 

Reset Current Preselection Point Classes: All 

Reference Preselection Calculate Vertex Colors 

Estimated Build Orthomosaic 

Key Point Limit: 40,000 Type: Geographic 

Tie Point Limit: 10,000 WGS84/EPSG 32619 

Adaptive Camera Model Fitting Surface: Mesh 

Build Mesh Blending Mode: Mosaic 

Source Data: Tie Points Enable Hole Filling 

 



 

Figure S20: Calibration of thermal infrared (TIR) temperature imagery captured during the August 10th, 
2023, Thousand Acre (Crystal) Bog Patterned Pools UAS mission displaying a) TIR calibration image of 
painting pans with five different temperatures of water sampled for UAS imagery temperature values (Td) 
regressed in b) against hand sampled temperature values (Th) from the pans. The red shaded area represents 
the regression data area density. Any use of trade, product, or firm names is for descriptive purposes only and 
does not imply endorsement by the U.S. Government. 

 

 



Table S9. Agisoft Metashape Professional software (Agisoft LLC, St. Petersburg, Russia) parameters for the 
June 15th, 2023, Meddybemps Heath Patterned Pools thermal infrared orthomosaic. 

Align Photos (Run Twice) Surface Type: Arbitrary (3D) 

Highest Accuracy Face Count: High 

Generic Preselection  Interpolation: Enabled 

Reset Current Preselection Point Classes: All 

Reference Preselection Calculate Vertex Colors 

Estimated Build Orthomosaic 

Key Point Limit: 40,000 Type: Geographic 

Tie Point Limit: 10,000 WGS84/EPSG 32619 

Adaptive Camera Model Fitting Surface: Mesh 

Build Mesh Blending Mode: Mosaic 

Source Data: Tie Points Enable Hole Filling 

 



 

Figure S21: Calibration of thermal infrared (TIR) temperature imagery captured during the June 15th, 2023, 
Meddybemps Heath Patterned Pools UAS mission displaying a) TIR calibration image of painting pans with 
five different temperatures of water sampled for UAS imagery temperature values (Td) regressed in b) against 
hand sampled temperature values (Th) from the pans. The red shaded area represents the regression data 
area density. Any use of trade, product, or firm names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government. 

 

 



Table S10. Agisoft Metashape Professional software (Agisoft LLC, St. Petersburg, Russia) parameters for the 
August 9th, 2023, Meddybemps Heath Patterned Pools thermal infrared orthomosaic. 

Align Photos (Run Twice) Surface Type: Arbitrary (3D) 

Highest Accuracy Face Count: High 

Generic Preselection  Interpolation: Enabled 

Reset Current Preselection Point Classes: All 

Reference Preselection Calculate Vertex Colors 

Estimated Build Orthomosaic 

Key Point Limit: 40,000 Type: Geographic 

Tie Point Limit: 10,000 WGS84/EPSG 32619 

Adaptive Camera Model Fitting Surface: Mesh 

Build Mesh Blending Mode: Mosaic 

Source Data: Tie Points Enable Hole Filling 

 



 

Figure S22: Calibration of thermal infrared (TIR) temperature imagery captured during the August 9th, 2023, 
Meddybemps Heath Patterned Pools UAS mission displaying a) TIR calibration image of painting pans with 
five different temperatures of water sampled for UAS imagery temperature values (Td) regressed in b) against 
hand sampled temperature values (Th) from the pans. The red shaded area represents the regression data 
area density. Any use of trade, product, or firm names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government. 


