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S1 Quality checking and instrument stability issues 

The raw data from the L2130-i was passed through a series of quality checks prior to humidity response correction to remove 

erroneous readings that were well outside typical values observed at Thule. Most of these erroneous readings appear due to 

liquid water contamination of the intake tubing. These quality checks identified and removed data where: 

• L2130-i diagnostic data (e.g., chamber temperature, pressure, status, etc.) were unstable or out of typical ranges 5 

• Water vapor mixing ratio > 15000 ppmv 

• d18O values > -15‰ AND dxs values < -20‰ 

• Standard deviation for five minute aggregates of d18O > 8‰ 

• Visual inspection revealed clearly abnormal isotopic or mixing ratio values (e.g., very large and/or abrupt changes 

not supported by meteorological data) 10 

The machine was initially installed at Thule in October 2016. However, there were issues with cavity pressure stability and 

irregular isotopic readings which culminated in a full systems crash in May 2017. The system was restored on 04 Aug 2017 

with stable cavity pressure that has continued through present. Data from before the system restoration has poor correlation in 

mixing ratios between the L2130-i and the SMT weather station. Winter isotopic values and mixing ratios are also much higher 

in the pre-restoration data than the next two winters despite generally similar winter weather. Out of caution, we have restricted 15 

our analyses and discussion to only post-restoration data. 

S2 Humidity response calibrations 

To correct for d18O and δD accuracy bias at low water vapor mixing ratios, we injected standard waters for ten minutes at ten 

different flow rates. The last 200 observations of each injection were saved, and a nonlinear regression was performed on the 

δX vs. mixing ratio relationship, where δX is either d18O or δD. The nonlinear regression was of the form: 20 

δX#$%%&#'($) = 𝑎 +	.
/
           (1) 

where δXcorrection is the difference between the observed isotopic value and the actual standard isotopic value, q is the water 

vapor mixing ratio, and a and b are constants. Calculated values for regression parameters are given in Table S2. Confidence 

intervals for predicted humidity response corrections were estimated using the predictNLS function from the propagate 

package in R. 25 
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Figure S1. Results of the humidity response calibrations for d18O (a, c) and dD (b, d) for two standard waters (USGS 45: top row 
and USGS 46: bottom row). Points show individual 1 sec observations, while solid lines show the nonlinear regression of the data 30 
(blue: d18O, pink: dD). Dashed horizontal lines show the actual isotopic value of the standard waters. 
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Fig S2: Comparison time series of d18O and d-excess with NAO index, after all have been differenced by 1 day. 
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Figure S3. Water vapor d18O (top row) and d-excess (bottom row) compared to meteorological variables for the period April through 40 
September. Data are split by whether the wind regime was katabatic (azimuth > 40° & < 180°) or sea breeze (azimuth > 240° & < 
360°). A generalized additive smoothing model with 95% confidence intervals is overlaid to show trends of the mean values for each 
wind regime. 
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 45 

Figure S4: Satellite imagery (top: a, b) and sea ice concentration (bottom: c, d) before (left: a, c) and after (right: b, d) the late spring 
shift in isotopic and meteorological values at Thule in 2019. The images illustrate the opening of local oceans and snowpack melt as 
a result of sea ice breakup. Satellite imagery provided by MODIS (Hall and Riggs, 2015) and sea ice concentration by the NSIDC 
(Fetterer et al., 2017). 
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 50 

Figure S5. Relationship between air temperature and water vapor mixing ratio (here, log-transformed), illustrating the decoupling 
that occurs above 5°C (vertical line). Data are split by whether the wind regime was katabatic (azimuth > 40° & < 180°) or sea breeze 
(azimuth > 240° & < 360°). A generalized additive smoothing model with 95% confidence intervals is overlaid to show trends of the 
mean values for each wind regime. This decoupling exists in the data from both wind regimes. 

 55 
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Figure S6.  Comparison of isotopic and meteorological data during the period 18–26 Sep for 2017 (left) and 2018 (right). A diel cycle 
is observed in air temperature, relative humidity, and wind speed in both years, but in the isotopes and mixing ratio only for the 
year 2017. Y-axes are scaled the same for both years with the exception of d18O. Dashed gray vertical lines indicate the time of daily 
thermal max from 20–25 Sep. The 2018 example when no little to no isotopic cycling is noted is representative of nearly all other 60 
periods at Thule when diel cycles in temperature and relative humidity can be clearly observed in the general time series data. 
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Table S1. High latitude stationary sites with continuous observations of water vapor isotopes longer than two weeks reported in 
scientific literature. 

Site Coordinates Elevation Setting Period of record Citation 
Thule, NW Greenland  76.51°N, 68.74°W 229 m a.s.l. Coastal 08/2017 to 08/2019 This study 
Ivittuut, S Greenland 61.21°N, 48.17°W 30 m a.s.l. Coastal 09/2011 to 05/2013 (Bonne et al., 2014) 
Kangerlussuaq, W 
Greenland 

67.02°N, 50.69°W 49 m a.s.l Coastal 07/2011 to 08/2011 (Kopec et al., 2014) 

NEEM, NW Greenland 77.45°N, 51.05°W 2484 m a.s.l. Ice sheet 05/2010 to 07/2010; 
07/2011 to 08/2011; 
05/2012 to 08/2012 

(Steen-Larsen et al., 2013; 
Steen-Larsen et al., 2014) 

Summit, Greenland 72.58°N, 38.46°W 3216 m a.s.l. Ice sheet Summer 2011 to 
summer 2014 

(Bailey et al., 2015) 

Selvogsviti, Iceland 63.83°N, 21.47°W 0 m a.s.l. Coastal 11/2011 to 04/2013 (Steen-Larsen et al., 2015) 
Kourovka, W Siberia 57.04°N, 59.55°E 300 m a.s.l. Inland 09/2012 to 08/2013 (Bastrikov et al., 2014) 
Samoylov Island, E 
Siberia 

72.37°N, 126.48°E 0 m a.s.l. Coastal 07/2015 to 06/2017 (Bonne et al., 2020) 

Toolik Lake, N Alaska 68.63°N, 149.60°W 760 m a.s.l. Inland 05/2013 to 08/2013 (Klein et al., 2015) 
Dumont d’Urville, E 
Antarctica 

66.65°S, 140.00°E 10 m a.s.l. Coastal 12/2016 to 02/2017 (Bréant et al., 2019) 

Syowa, E Antarctica 69.00°S, 39.58°E 0 m a.s.l. Coastal 12/2013to 02/2014; 
12/2014 to 02/2015 

(Kurita et al., 2016) 

Kohnen, E Antarctica 75.00°S, 0.07°E 2892 m a.s.l Ice sheet 12/2013 to 01/2014 (Ritter et al., 2016) 
Dome C, E Antarctica 75.10°S, 123.39°E 3233 m a.s.l Ice sheet 12/2014 to 01/2015 (Casado et al., 2016) 

 

Table S2. Parameters for nonlinear regression of the humidity response corrections (Equation 1). 65 

Isotopic species Parameter Estimate Standard error t value Pr(>|t|) 

d18O a 1.917 0.061 31.6 <0.001 

b -3189 76 -42.1 <0.001 

δD a 1.133 0.405 2.80 0.005 

b -10540 507 -21 <0.001 

 

Table S3. Standard waters calibration results after dry air system installation, performed roughly every 25 hours. Mean values and 
standard deviations of the last 200 observations for each calibration are given here. Some days do not have data due to failed 
calibration from a clogged injection needle or stuck injection piston.  

 USGS45  USGS46 

 
Mixing ratio 

(ppmv) d18O (‰) dD (‰)  
Mixing ratio 

(ppmv) d18O (‰) dD (‰) 
Date Mean SD Mean SD Mean SD  Mean SD Mean SD Mean SD 

2019-08-01 5369 17 -0.8 0.6 -10 4  5325 14 -28.8 0.6 -241 4 

2019-08-02 5380 13 -0.9 0.6 -9 4  5345 10 -28.9 0.6 -239 4 



9 

 

2019-08-04 5414 16 -0.7 0.7 -10 4  5395 16 -28.7 0.6 -240 4 

2019-08-05 5426 14 -0.7 0.6 -10 4  5403 23 -28.7 0.7 -241 4 
2019-08-06 5453 13 -0.6 0.5 -10 4  5444 20 -28.7 0.6 -240 4 

2019-08-07 5465 14 -0.6 0.6 -10 4  5430 18 -28.6 0.6 -240 4 

2019-08-09 5481 15 -0.7 0.6 -10 4  5430 19 -28.8 0.6 -240 4 

2019-08-10 5444 9 -0.9 0.6 -10 4  5448 19 -28.7 0.6 -239 4 
2019-08-11 5473 11 -0.7 0.6 -9 4  5476 60 -28.5 0.6 -239 4 

2019-08-12 5405 66 -0.8 0.7 -10 4  5530 92 -28.5 0.7 -240 4 

2019-08-14 5527 14 -0.7 0.7 -9 4  5523 21 -28.6 0.7 -239 4 

2019-08-15 5532 14 -0.9 0.6 -10 4  5529 20 -28.8 0.6 -240 4 
2019-08-16 5580 13 -0.6 0.6 -9 4  5567 23 -28.5 0.6 -240 4 

2019-08-17 5617 21 -0.6 0.7 -9 4  5535 38 -28.3 0.6 -239 4 

2019-08-18 5466 64 -0.4 0.7 -8 4  5546 23 -28.8 0.7 -240 4 

2019-08-19 5510 24 -0.8 0.6 -10 4  5573 20 -28.6 0.6 -239 4 
2019-08-20 5617 15 -0.5 0.6 -9 4  5544 79 -28.8 0.6 -240 4 

2019-08-22 5516 33 -1.0 0.6 -10 4  5564 15 -28.6 0.6 -240 4 

2019-08-23 5608 13 -0.6 0.6 -9 4  5621 22 -28.6 0.6 -240 4 

2019-08-24 5579 18 -0.8 0.6 -10 4  5590 20 -28.6 0.6 -240 4 
2019-08-25 5642 11 -0.5 0.5 -9 4  5601 40 -28.3 0.7 -239 4 

2019-08-26 5542 29 -1.1 0.6 -11 4  5640 24 -28.6 0.6 -240 4 

2019-08-27 5683 14 -0.4 0.6 -9 4  5620 24 -28.6 0.6 -240 4 

2019-08-28 5603 28 -0.5 0.6 -10 4  5602 64 -28.8 0.6 -241 4 
2019-08-30 5639 16 -0.5 0.6 -9 4  5453 101 -29.1 0.7 -241 4 

2019-08-31 5637 7 -0.1 0.7 -9 4  5655 21 -28.7 0.7 -241 4 

2019-09-01 5722 13 -0.7 0.6 -10 4  5668 18 -28.8 0.6 -240 4 

2019-09-02 5734 27 -0.6 0.6 -9 4  5737 21 -28.6 0.6 -240 4 
2019-09-03 5589 56 -0.4 0.8 -9 4  5668 25 -28.5 0.6 -241 4 

2019-09-05 5695 21 -0.7 0.6 -10 4  5737 18 -28.6 0.6 -241 4 

2019-09-06 5797 11 -0.5 0.6 -10 4  5797 24 -28.6 0.6 -240 4 

2019-09-08 5772 15 -0.2 0.7 -9 4  5762 24 -28.4 0.6 -241 4 
2019-09-09 5738 21 -0.3 0.7 -9 4  5712 44 -28.6 0.6 -240 4 

2019-09-11 5807 14 -0.4 0.6 -9 4  5749 21 -28.5 0.6 -240 4 

2019-09-12 5746 12 -0.5 0.6 -9 4  5785 61 -28.4 0.6 -240 4 

2019-09-13 5812 25 -0.9 0.6 -11 4  5786 29 -28.1 0.6 -240 4 
2019-09-16 5684 13 -0.7 0.6 -10 4  5838 28 -28.4 0.6 -240 4 



10 

 

2019-09-17 5741 34 -1.0 0.7 -10 4  5851 24 -28.5 0.6 -241 4 

2019-09-18 5868 15 -0.3 0.6 -9 4  5814 27 -28.2 0.7 -239 4 
2019-09-19 5861 14 -0.5 0.6 -9 4  5899 39 -28.4 0.6 -240 4 

2019-09-20 5947 11 -0.3 0.6 -9 4  5812 29 -28.7 0.8 -241 4 

2019-09-22 5942 12 -0.6 0.6 -9 4  5937 17 -28.6 0.6 -241 4 

2019-09-24 6010 27 -0.4 0.6 -8 3  6007 21 -28.5 0.6 -240 4 
 70 

Table S4. Percentage of water vapor uptake attributed to Baffin Bay and the Labrador Sea for moisture arriving at Thule, based on 
back-trajectory analysis and split by meteorological season. 

Domain DJF MAM JJA SON 

Entire Baffin Bay (Davis to Nares) 35.6 44.4 51.2 47.2 

Labrador Sea 13.7 16.3 12.2 11.7 

Entire Baffin Bay + Labrador Sea 49.3 60.7 63.4 58.9 
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