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Supplements 

1. Complementary datasets used: 

Table S1 summarize the locations of the sites where radiosonde, ozone soundings and atmospheric 

turbidity measurements were conducted. Also the distances from each individual site to the corresponding 

lidar site are provided.  Following each individual dataset is described. 

Table S1: Locations of the observation sites where thermodynamic variables and ozone vertical 

soundings were meassured nearby College, AK and Lexington, MA. Also the site of the atmospheric 

turbidity meassurements is listed. The last column list the distances to Lexington (*) and to 

Fairbanks(**).  

Station Variable Latitude Longitude Elevation Dist.  
Nantucket, MA* Temp, Pr 41.2°N 70.0°W 14 m 162.1 km  
Bedford, MA*  O3 42.5°N 71.3°W 251 m 10.7 km  
Blue Hill Obs., MA*    TAOD 500 nm 42.2°N 71.1°W 192 m 24.1 km  
CARTEL, Canada* TAOD 500 & 675 nm  45.38°N 71.93°W 251m 334.4 km 
Fairbanks, AK ** O3, Temp, Pr,  64.8°N 147.9°W 353 m 11.7 km  
Fairbanks, AK** TAOD 500 nm 64.86°N 147.85°W 133 m 9.8 km 
Bonanza Creek, AK** TAOD 500 & 675 nm 64.74°N 148.32°W 353m 23.6 km 

 

1.1 Datasets used to estimate the thermodynamic local variables: 

 

To derive βm(λ, z), αm(λ, z), αa(λ, z) and Tm2 (z)  the required  variables are the temperature (Temp(z)), 

pressure (Pr(z)) and molecular number density (Nd(z)).  We used the vertical profiles of Temp(z), Pr(z) 

and Nd(z) from the 1962 US Standard Atmosphere (U. S. Standard Atmosphere, 1962).  

We also made use of the Temp(z) and Pr(z) profiles (deriving Nd(z)) from the most complete and nearest 

sounding station.  In the case of the soundings we took into account the fact that lidar observations were 

performed at night, typically near 21:00 EST (G-66; GF-67), then we selected Temp(z) and Pr(z) profiles 

from nearby soundings stations conducted at 00 GMT from the Integrated Global Radiosonde Archive 

(IGRA) Version 2 database (Durre et al., 2016). G-66 and GF-67 mention the contemporary Bedford, 

MA, soundings near Lexington but although a total of 731 temperature profiles from this site are available 

in digital format (IGRA – 2, 2020) they only cover 1943 to 1945.  The information about the temperature 

profiles from the ozone soundings from 1963 to 1964 exists, but it is plotted on the ozonogram reports 

(Hering and Borden, 1965). 

For Lexington, Massachusetts (42° 25'N, 71° 15'W) we used the soundings from the station at Nantucket 

(41º 15' N, 70º 4' W, 14 m asl), code USM00072506, located at 163 km and around 1º of latitude south.  

Because the altitude of interest is between 12 km and 24 km, the upper troposphere and lower stratosphere 

in this region, they could be considered more representative than the US 1962 Standard Atmosphere. For 

Fairbanks, Alaska (64° 53'N, 148°3'W) we used Fairbanks (64º 49’N, 147º 53’W, 134 m asl), code 

USM00070261, at a distance of 11 km.  They are the nearest sounding stations in IGRA-2 with Pr(z) and 

Temp(z) profiles during 1964 and 1965. We used the soundings conducted the next day at 00 GMT 

because the local time at Nantucket, MA and Fairbanks, AK are -4 and -8 hours respect to GMT.  At 

Nantucket, no sounding was available the next day at 00 GMT in 2 of the 66 measurements days.  In those 

2 cases, the same day 12 GMT sounding were used.  The few gaps in Temp(z) and Pr(z) in both sets of 



data below 25 km were filled with the mean Pr(z) and Temp(z) profiles derived from all 1964 and 1965 

Nantucket and Fairbanks daily Temp(z) and Pr(z) profiles at 00Z. 

 

1.2 Datasets used for the estimation of the ozone 2-way transmittance: 

 

We used the NO3(z) from the 1966 US Standard Atmosphere Supplement (COESA, 1967).  In addition, 

we used the seasonal means of NO3(z) between 1963 and 1967 from ozone soundings conducted at L. G. 

Hanscom Fla., Bedford, MA and Fairbanks, AK for Lexington and Fairbanks respectively (Hering and 

Borden, 1967). 

The profile of the ozone absorption coefficient at a given wavelength (kO3(λ, z)) is calculated using the 

profile of ozone cross sections (σO3�λ, Temp(z)�): 

kO3(λ, z) =  σO3(λ, Temp(z))  × NO3(z)    (12) 

at the temperature (Temp(z)), where NO3(z) is the number density of ozone. The  σO3(λ, Temp(z)) at λ = 

694 nm is provided by Serdyuchenko et al., (2014) in the temperature range 193 to 293 ºK.  We used the 

average of σO3(λ, Temp(z)), 9.88e-22 cm2 molecules-1 , considering that the standard deviation of this 

averaging profile represents 2.4 % variability of the average value. This set of absorption coefficients have 

been recommended by the recent status report from the International Ozone Commission from WMO 

(Orphal et al., 2016). 

 

1.3 Datasets used for the estimation of the tropospheric aerosol 2-way transmittance: 

 

For Lexington we found contemporary statistics of turbidity measurements (B) at λ = 500 nm.  Those 

measurements were part of the turbidity network established in 1961 by the U. S. Weather Bureau 

Research Station (later National Center for Air Pollution Control), Cincinnati, Ohio. For Lexington, the 

measurements were conducted at Blue Hill Observatory, Boston, Ma, 24 km from the lidar location. The 

Blue Hill Observatory frame plot with the monthly means for the period 1961 to 1966 are in figure 3 in 

Flowers et al., (1969). The curve of the monthly mean B belonging to Blue Hill Observatory in the frame 

plot on the figure were digitized (WebPlotDigitize, 2020). Then TAOD at λ = 500 nm was calculated 

using the equation (Volz, 1969), resulting from converting the decadic logarithm used to define B to the 

neperian logarithm used for AOD: 

𝐁𝐁 = 0.434 x TAOD (13) 

For Fairbanks we did not find contemporary measurements, but there were manually conducted 

measurements in several places in the Arctic and Antarctic, including at Fairbanks (64.86°N, 147.85 °W, 

133 m), with sun photometers at several wavelengths (Shaw, 1982). Those measurements are reported to 

be corrected by the molecular scattering and gas absorption (Shaw et al., 1973). The instruments were 

calibrated at Mauna Loa Observatory using Langley method with root mean square errors (RMSE) of sun 

photometer voltage output readings (V) of  δV
V
≈  10−3  having a systematic RMSE for AOD = +/- 0.002 

and the total error estimated as +/- 0.004 (Shaw, 1982). At Fairbanks the annual mean AOD = 0.110 from 

105 observations at λ = 500 nm is reported on table 1 of the cited reference, but also the AOD annual 

cycle appears in the lower panel of figure 2 from Shaw (1982), showing the high AOD values in late 



winter and spring, peaking up to 0.135. We then digitized the mean AOD and its variation range values 

for July (no data for August appears on the figure), resulting AOD = 0.082 ± 0.022.  Although Shaw 

(1982) does not provide the information of the year the measurements were conducted this data is cited 

and cited to have been conducted in 1978 by Freund (1983). 

We also used AOD data at 500 nm from the 2 nearest AERONET stations to each site having long-term 

records. Bonanza Creek, AK, is less than 30 km from the location the lidar measurements were reported 

to be conducted at Fairbanks.  TAOD measurements at this site have been conducted from 1997 to the 

present.  The other site belongs to the Centre d'Applications et de Recherches en Teledetection 

(CARTEL), at the Universite de Sherbrooke, Canada, 334 km from Lexington. 

From both sites we also used the climatological monthly means of TAOD at 500 and 675 nm from 1997 

to 2019 for Bonanza Creek, and 1995 to 2019 for CARTEL (AERONET, 2020).  We then derived the 

TAOD at 532 nm using the Ångstrom exponents calculated from the TAOD climatological monthly means 

for the interval 440 to 870 nm, which we used for Lexington. In the case of Bonanza Creek, we had one 

“contemporary” value from July 1978 (Shaw, 1982), and we selected the July climatological monthly 

mean, as the “current” value. After the conversion to 532 nm they were respectively 0.087 from Fairbanks, 

AK, in July 1978 (Shaw, 1982) and 0.242 from the July 1997- 2019 climatology at Bonanza Creek, AK, 

and we used the July 1978 value for both July and August 1964 lidar measurements at Fairbanks.  

In the case of Lexington, for comparison purposes, we digitized the average monthly mean TAOD for 26 

Eastern US stations from 1972 to 1975 from Husar et al., (1981). The series of monthly mean TAOD 

values were converted from 500 nm to 532 nm, with the procedure described above, using the Ångstrom 

exponents for the interval 440 to 870 nm.  The Figure S1 shows the resulting values.  The high TAOD 

values of the two series, from the Blue Hill Observatory (1961-1966) and the Eastern US (1972-1975), 

are representative of what have been reported for the Eastern US (Husar et al., 1981). The natural 

conditions contribute to an elevated background AOD attributed to the combination of absolute and 

relative humidity, and the vegetation density, both of which could be responsible for increased natural 

aerosols either from hygroscopic marine aerosols or from secondary aerosols originating from vegetation 

(e.g. Went, 1960). Additionally an important contribution to the TAOD came from anthropogenic aerosols 

originating from the extensive use of fossil fuels in the region. In fact, as their Figure S1 shows, the 

pollution increased with respect to the 1960s (Husar et al., 1981). Recent research reports aerosol 

simulations for the historical period from 1850 to 2014 using the GISS ModelE2.1 with two different 

aerosol schemes to contribute to the Coupled Model Intercomparison Project Phase 6 (CMIP6). The 

simulations result in the AOD showing an increasing trend from well before 1900 until the early 1970s in 

the Eastern US, supporting the AOD data features we collected from Blue Hills Observatory (Bauer et al., 

2020).  



 
Figure S1:  Contemporary and current TAOD monthly means at 532 nm from Blue Hill 

Observatory, MA, from 1961 to 1966, the average of 26 stations in Eastern US between 1972 and 

1975 and CARTEL, Canada, from 1995 to 2019. 
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