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Abstract: A set of 11 aerosol turbidity profiles (ATP) and 2 aerosol extinction profiles (AEP) at λ = 0.55 µm, observed with 10 

searchlight in New Mexico at 32ºN, has been digitized from plots in scientific articles. They cover the period February to June 

1963 and September 1965 to May 1975, complementing the already rescued and previously published 105 individual AEP, 

corresponding to 36 days, between December 1963 and December 1964. Eleven AEP are calculated (AEPc) from the ATP, 

and the corresponding stratospheric aerosol optical depth (sAOD) between 12 and 25 km is also derived. Estimates of the 

digitization errors for the AEPc and the sAOD are also calculated using information available in the literature. The combined 15 

set of rescued AEP reported here and the earlier rescued set of AEP from searchlight observations, are the only AEP dataset 

covering the period between the 1963 Mt Agung and the 1974 Fuego eruptions at northern midlatitudes. In this regard two 

relevant features identified in the AEP and the sAOD are described here. The first, using AEPc from March and April 1963 

identified what could be the date of arrival of the stratospheric aerosols from the Mt. Agung first eruption on March 17th 1963. 

This would challenge the accepted criteria that the stratospheric aerosols from Mt Agung arrived at the northern hemisphere 20 

midlatitudes in the second half of 1963. The second feature evidences two anomalous increases of the sAOD during a period 

supposed to be the decay of the sAOD from Mt. Agung eruption. They show our limited knowledge and understanding of the 

1963 Mt Agung volcanic stratospheric aerosol transport. Finally, we describe evidences found in the literature pointing to the 

possible existence of the original searchlight raw signals and its processing software. The dataset described in this work is 

available at: https://doi.pangaea.de/10.1594/PANGAEA.992616, (Antuña-Marrero et al., 2026).  25 

1 Introduction 

The 1963 Mt Agung eruptions, Bali, Indonesia at 8.3°S, the third biggest volcanic eruption of the second half of the 20th 

century, consisted in a series of eruptions (Fontijn et al., 2015). Two of these eruptions, on March 17th and May 16th, injected 

4.7 Tg SO2 and 2.3 Tg SO2 into the stratosphere respectively (Self and Rampino, 2012). Before 1979, the so-called pre-satellite 

era, the only atmospheric observational dataset of stratospheric aerosols (SA) used by the Coupled Model Intercomparison 30 

https://doi.pangaea.de/10.1594/PANGAEA.992616
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Project (CMIP) is derived using an aerosol microphysical model with the input ice core data (Gao et al., 2008) and two datasets 

of SA optical depth (sAOD) (Arfeuille et al., 2014). The two sAOD observations sets are the one from Sato et al. (1993), 

mainly based on astronomical observations and summarized by Dyer and Hicks (1968), and the one from Stothers (2001), 

based on observations of atmospheric attenuation of starlight and direct sunlight.  

The mentioned datasets are the only used; however, other relevant data sources exist and could be relevant for research 35 

purposes. Since the later years of the 50’s of the 20th century, aircrafts and balloons conducted observations of the particle size 

distributions and chemical composition of the upper troposphere and SA (Antuña-Marrero et al., 2025). Furthermore, vertical 

profiles of the upper tropospheric and SA backscattering/extinction were observed with lidars/searchlight (e.g., Fiocco and 

Grams (1964), Clemesha et al. (1966), Elterman (1975)). Although the results of the analysis of information generated by those 

observational datasets were published long time ago, and can be found in the literature, the datasets have not been available 40 

until the present.  

This issue has been one of the focuses of attention and discussions by the Stratospheric Sulfur and its Role in Climate (SSiRC), 

recently renamed Stratospheric Aerosol Activity, an established APARC (Atmospheric Processes And their Role in Climate) 

activity, with APARC being a core project within the World Climate Research Program (WCRP). The implementation of the 

now Stratospheric Aerosol Data Rescue Activity (https://www.aparc-stratosphericaerosol.org/activities/data_rescue) in 2020 45 

began addressing this issue. This activity has already rescued five datasets: four stratospheric lidar aerosol backscattering 

profiles (ABP) datasets and one searchlight aerosol extinction profile (AEP). The first four lidar ABP consist of two lidar 

datasets from two northern hemisphere lidar sites at Lexington, MA, USA, at 42ºN, and Fairbanks, AK, USA, at 64ºN after 

the 1963 Mt Agung, Indonesia, eruptions (Antuña-Marrero et al., 2021). The other two have been observed by lidars onboard 

two Soviet research ships conducting transects of the Atlantic Ocean after the 1991 Mt Pinatubo eruption (Antuña-Marrero et 50 

al., 2020a). Those four stratospheric ABP and their calculated stratospheric AEP have been stored respectively at the 

PANGAEA open access data repository (Antuña-Marrero et al., 2020b; 2020c). The fifth dataset consists of searchlight 

tropospheric and stratospheric AEP from White Sands, NM, USA, at 32ºN, after the Mt Agung eruption, covering the period 

December 1963 to December 1964 (both inclusive) that have been rescued and recalibrated (Antuña-Marrero et al., 2024). The 

original and the recalibrated tropospheric and stratospheric searchlight AEP have been stored at PANGAEA (Antuña-Marrero 55 

et al., 2023) like the other four stratospheric lidar AEP datasets cited above. 

Two recent studies illustrate rescued lidar data applications. The first conducted by NASA scientists developing the Global 

Space-based Stratospheric Aerosol Climatology (GloSSAC), reported the recovering and archiving the SA backscatter profiles 

from five airborne lidar missions flown between July 1982 and January 1984 (https://asdc.larc.nasa.gov/project/NASA-

Airborne-Lidar/NASA_Airborne_Lidar_Flights_1). They were used, together with the SA profiles from the NASA 48-inch 60 

ground-based lidar data and aerosol extinction profiles from SAM II, to fill the SAGE I/II gap from 1982 to 1984 (Thomason 

et al., 2018). The NASA Langley airborne missions data from July 1991 and May 1992, were also archived 

(https://eosweb.larc.nasa.gov/project/nasa_airborne_lidar_flights/nasa_airborne_lidar_flights_table) for future GloSSAC 

improvements (Thomason et al., 2018). The second application, used the January 1964 to August 1965 ground-based lidar 

https://asdc.larc.nasa.gov/project/NASA-Airborne-Lidar/NASA_Airborne_Lidar_Flights_1
https://asdc.larc.nasa.gov/project/NASA-Airborne-Lidar/NASA_Airborne_Lidar_Flights_1
https://eosweb.larc.nasa.gov/project/nasa_airborne_lidar_flights/nasa_airborne_lidar_flights_table
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datasets from Lexington (Antuña-Marrero et al., 2020; 2021) to evaluate the vertical extent of the Agung simulated volcanic 65 

SA (Dhomse et al., 2020). The article describing the development of GloSSAC also mention the existence of historical 

unexploited sources of data and considers worthwhile the potential efforts for its recovery (Thomason et al., 2018). A recent 

article about the stratospheric aerosol forcing datasets to be provided by the Coupled Model Intercomparison Project -phase 7 

(CMIP7) to the participating modelling teams, mention that the five rescued datasets by the APARC Stratospheric Aerosol 

Activity Data Rescue could be considered to be incorporated to the aerosol optical properties dataset (Aubry et al., 2026). 70 

Here we report the rescue of the available information to complete the New Mexico searchlight tropospheric and stratospheric 

AEP dataset with the available information from the scientific literature. The new searchlight AEP rescued dataset covers the 

periods February to June 1963 and September 1965 to May 1975, before and after the December 1963 to December 1964 

already rescued searchlight dataset (Antuña-Marrero et al., 2023; 2024). As a result, the combination of the earlier rescued 

searchlight dataset and the one we report here, produces the only AEP dataset covering February 1963 to May 1975, providing 75 

unique information on the SA transported to the northern hemisphere midlatitudes from the 1963 Mt Agung as well as the 

Fuego eruption in Guatemala (14.5°N), on October 14th and 17th, 1974. 

2 The searchlight tropospheric and stratospheric AEP observations at New Mexico 1963 to 1975  

The US Air Force Cambridge Research Laboratories (AFCRL) carried out a program of tropospheric and stratospheric AEP 

observations with searchlight between 1963 and 1975 at White Sands (32°N), New Mexico. The cited program included the 80 

development and implementation of the processing algorithm to calculate the AEP (Elterman 1966a; 1966b). This series of 

AEPs include profiles under both SA background and under perturbed volcanic conditions, particularly from the eruptions of 

1963 Mt Agung and Fuego in Guatemala in October 1974 (Elterman, et al., 1973; Elterman, 1966a; 1975; 1976).  

Between February 1963 and May 1975, at least 359 individual tropospheric and stratospheric AEPs were collected, in many 

cases more than one in the same night (Listed in Table S1 in the Supplement). One hundred five of them, carried on between 85 

December 1963 to December 1964, were made public in form of individual AEP plots at an AFCRL report (Elterman, 1966b). 

This subset of searchlight AEPs has already been rescued (Antuña-Marrero et al., 2024). The other, at least 254, single AEPs 

are still missing, and they consist of 9 AEPs collected between February and June 1963 and 245 AEPs collected between 

September 1965 and May 1975. 

The source of the rescued AEPs presented here, are the aerosol turbidity profiles (ATPs) reported by Elterman, et al. (1973) 90 

and Elterman (1975; 1976). ATP(z) were calculated using equation (1) where 𝐴𝐴𝐴𝐴𝐴𝐴(𝑧𝑧) is the original aerosol extinction profile 

and 𝑅𝑅𝑅𝑅𝑅𝑅(𝑧𝑧) is the Rayleigh (molecular) extinction profile at λ = 0.55 µm, tabulated in Elterman (1964). The ATP averages at 

monthly, bi-monthly and multi-monthly temporal scales, were calculated and published in plots in the above cited articles.  

𝐴𝐴𝐴𝐴𝐴𝐴(𝑧𝑧) = 𝐴𝐴𝐴𝐴𝐴𝐴(𝑧𝑧)
𝑅𝑅𝑅𝑅𝑅𝑅(𝑧𝑧)

           (1) 
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2.1. ATP and AEP plots: its digitization and ATP conversion to AEP. 95 

In total 16 profiles, fourteen ATPs and two AEPs, were reported in Elterman et al. (1973) and in Elterman (1975; 1976). Within 

the current study 11 ATP and 2 AEP have been digitized from plots contained in the three cited papers, covering several 

temporal scales: three single daily profiles, three monthly, two bi-monthly and three multi-monthly averaged profiles. Three 

of the ATPs have not been digitized, by reasons listed in Table S2 in the Supplement. The 11 ATPs and 2 AEPs plots, and 

consequently the corresponding digitized profiles, mainly contain information between 10 to 26 km, (Table S3). The plot 100 

digitization was conducted using the WebPlotDigitizer software (Rohatgi, 2024), at the 0.5 km resolution, producing the 

digitized aerosol transmission profiles (ATPd) and digitized aerosol extinction profiles (AEPd) from the plotted ATP and AEP 

respectively. Then the ATPd were interpolated to 1 km resolution to match the resolution of the REP(z) from Table 5.11 in 

Elterman (1964), followed by the calculation of the corresponding AEP using Eq(1). The final step was interpolating those 

calculated AEP to produce the final AEP (AEPc) at the searchlight instrumental vertical resolution of 58 levels in the altitude 105 

range from 2.76 to 35.28 km (Elterman, 1966b).  

The AEPc are listed in Table 1, where the first column contains the date and, for the single day profiles, the hour the observation 

was conducted, in Mountain Standard Time (MST), UTC-7. The second column reports the numbers of single raw searchlight 

profiles used in the respective calculations. The superscripts in the date column identify the profiles having both digitized ATP 

and AEP: a single daily profile (November 11th, 1974) and a bi-monthly mean profile (October and November 1970). Those 110 

digitized AEP and the corresponding AEPc were used to estimate the AEPc uncertainties, attributed to its determination from 

the ATP, described in the following section. The number in brackets after the number of profiles for the bi-monthly mean 

profile 1970-Oct-Nov is the number of days the observations were conducted, nine days. It is the only case where that is 

information is available. 

Table 1: Listing of the original eleven ATP plots, the number of single profiles reported for each one and its respective 115 

source article, and the number of the Figure source on it. In the case of existing several profiles in the same Figure, the 

individual profile identifiers are included after the figure number. Superscripts (1) and (2) identify a single daily and a 

bi-monthly mean profile that have both theirs AEP and ATP plotted and were digitized. 

Single Daily (Hour MST) Profiles Source 
1963-Mar-28     (02:36) 1 Elterman, 1973; Fig. 3 
1963-Apr-20     (23:45) 1 Elterman, 1973; Fig. 3 
1974-11-11(1)  (22:17) 1 Elterman, 1975; Fig. 2 
Monthly mean   
1974-Nov 12 Elterman, 1976; Fig. 1b 
1975-Jan 10 Elterman, 1976; Fig. 1c 
1975-May 19 Elterman, 1976; Fig. 1d 
Bi-Monthly mean Profiles Source 
1963-Feb-Mar 3 Elterman, 1973; Fig.2 G1 
1970_Oct-Nov(2) 41(9) Elterman, 1973; Fig.2 G7 
Multi-Monthly mean   
1963-Apr-Jun 6 Elterman, 1973; Fig.2 G2 
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In Table 2 the two AEP digitized (AEPd), complementing the ATP information for the same periods in Table 1. They will be 

used below to validate the results of the AEP calculation from the digitized ATPd. 

Table 2: Idem Table 1, but for the two AEP plotted. 

Single Daily (Hour MST) Profiles Source 
1974-11-11(1) (22:17) 1 Elterman, 1975; Fig. 1 
Bi-Monthly mean profile  Source 
1970_Oct-Nov 41 (9) Elterman et al., 1973; Fig. 1 

2.2. Estimated errors:  

The estimated errors for the originally determined AEP, between 15% and less than 25%, were reported by Wells (1968). 125 

Three error sources were only considered for this estimate: neglecting both the multiple scattering from the searchlight beam 

and the ozone absorption, and for use of the Reeger–Siedentopf aerosol phase function, measured at the surface in Germany 

(at 50ºN) during a period when no volcanic aerosols were in the stratosphere (Reeger and Siedentopf, 1946). The error 

associated to the first two sources were determined to be negligible, with the aerosol phase function accounting for the all the 

error. A recent error estimation considered all the significant error sources, conducted for same originally determined AEP, 130 

rescued from tables in Elterman (1966b) for the period December 1963 to December 1964, increase the former range to 

between 69% and 84%. The same estimate was conducted for the recalibrated AEP dataset resulted in ranges between 54% 

and 69% for the recalibrated tropospheric AEP and between 40% and 55% (Antuña-Marrero et al., 2024). 

2.2.1 Estimated errors of the ATPd and the calculated sAOD: 

Table 3 shows the quantitative information reported in Tables 1 and 2 in Elterman et al. (1973). The first column list date 135 

(period) from a daily profile (average for the period). The second reports the maximum (mean maximum) turbidly value for 

the respective ATP. The third shows the sAOD (mean sAOD) in the 12 to 25 km layer calculated from the corresponding AEP. 

Column four reports the maximum (mean maximum) ATPd and the five the sAOD (mean sAOD) in the 12 to 25 km layer, 

calculated from the AEPc reported by this study. Columns two and three are the only tabulated available information about 

some of the ATP and sAOD that we have rescued. We use it to get an estimate of the errors associated to the digitization of 140 

the ATP plot. To do it, we used the mean relative error (MRE), for each of the variables defined by the equation: 

𝑀𝑀𝑀𝑀𝑀𝑀 = 1
𝑁𝑁
∑ 𝑉𝑉𝑐𝑐−𝑉𝑉𝑟𝑟

𝑉𝑉𝑟𝑟
𝑁𝑁
1 𝑥𝑥100            (2) 

Where Vc is the the ATPd value in column 2 (sAOD value in column 3), and Vr is the reference ATP in column 3 (sAOD value 

in column 4). The MRE for the turbidity maximum is in the order of 2%, providing information about the error introduced by 

the digitization procedure. In the case of the sAOD the MRE is 5%, a reasonable value considering the magnitude of the 145 

digitization error and the fact that the sAOD is the integral of the AEPc between 12 and 25km. Those values are in the same 

1965-Sep_1966-Ene 50 Elterman, 1973; Fig.2 G6 
1973-Sep_1974-Jul 113 Elterman, 1976; Fig. 1a 
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order of magnitude than the 1.2% reported in the digitization of the plots of the AEP from December 1963 to December 1964, 

thus making the rescued dataset of AEP reported here consistent with the AEP reported in Antuña-Marrero et al. (2024). 

Table 3: Values of the mean maximum turbidity and the sAOD between 12 and 25 km, reported by Elterman et al. 
(1973) in columns 2 and 3 respectively. Columns 4 and 5 report the maximum turbidity value and the sAOD derived 150 
from the digitized ATP and the calculated AEP respectively. 

 

 

 

 155 

 

 

 

 

 160 

2.2.2 Estimated error of the AEPc: 

To estimate the MRE in the current set of 11 AEPc calculated from the ATPd with Eq. 1, we use the November 11th 1974 at 

22:17 MST digitized AEPd and ATPd, from figures 1 and 2 respectively in Elterman (1975). We also use the October and 

November 1970 average AEPd and ATPd, from figures 1 and 2, respectively, in Elterman et al. (1973). Figure 1 shows in the 

left panel the plot of the daily AEPc and AEPd for Nov 11th 1974 and in the right panel for the AEPc and AEPd averages for 165 

the period October - November 1970. In both cases a very good match is appreciated, a feature supported by the MRE values 

of -1.03 and -1.05 % respectively. Those values are in the same order of magnitude than the MRE associated to the digitization 

of the ATP. The very low magnitude of the MRE allows to consider that the magnitudes of the AEPc using Eq. 1 match the 

original AEP, that was the primary source to calculate the ATP reported both in Elterman et al. (1973) and Elterman et al. 

(1976). 170 

Date/Period 
Elterman et al., 1973 ATPd and AEPc 
Mean Max.  
Turbidity 

Mean  
sAOD 

Maximum 
Turbidity sAOD 

Feb.- Mar. 1963 1.4 1.8E-02 1.5 2.0E-02 
28 March 1963 1.4 1.9E-02 1.4 1.9E-02 
20 April 1963 4.5 3.9E-02 4.3 4.0E-02 
Apr.-June 63 3.4 3.1E-02 3.1 3.3E-02 
Sept. 65-Jan. 66 1.9 2.2E-02 1.8 2.3E-02 
Oct., Nov. 1970 1.5 2.0E-02 1.5 1.9E-02 
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Figure 1: Plot of the digitized and calculated AEP from the November 11th 1974 at 22:17 MST and October - November 
1970 average profiles, reported in plots in Elterman (1975) and Elterman et al. (1973) respectively. Both pairs of 
digitized AEPd and AEPc show good agreements. 

3. Some volcanic SA features present in the 1963-1975 rescued searchlight AEP and sAOD series. 175 

The discussion and analysis of the two features described in this section are beyond the purpose of this paper focussed on 

describing the rescued dataset, the methods applied for that purpose and guarantee the dataset storage in an open access data 

repository. However, they demonstrate applications of the rescued dataset we report. The first, showing the cross hemispheric 

of volcanic SA across the equator, provides information and at the same motivates future research to address our current limited 

knowledge and understanding of the 1963 Mt Agung volcanic stratospheric aerosol transport. The second, provides unique 180 

and consistent AEP and sAOD information from two volcanic events in the pre – satellite era, with the same ground-based 

instrument and processing algorithm. 

3.1 The transport of the SA from the 1963 Mt. Agung eruption from 8ºS to 32ºN. 

The ATPs derived from searchlight observations on 28th and April 20th 1963, reported in figure 3 in Elterman et al. (1973), 

identified the arrival of the Mt Agung SA to White Sands, NM. Figure 2 shows on panel a) both ATPs digitized and in panel 185 

b) the AEPc from the former ones. Those two, as well as the other two AEPs, consisting in the average of 3 profiles taken in 

January and February 1963 and the average of 6 profiles between April and June 1963 provided unique information about the 

time, vertical distribution and stratospheric AOD of the SA from the first, March 17th 1963, Mt. Agung eruption.  
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Figure 2: Plots of the digitized ATP (left panel) and the calculated AEP (right panel) for March 28 and April 20, 1963. 190 

The two daily AEP from 1963 in Figure 2 allowed Elterman et al. (1973) to specify with a margin of error of ~ ± 10 days the 

date of arrival at White Sands of the SA cloud from the Agung eruption. Furthermore, both profiles allowed to quantify the 

values of the sAOD of 0.019 and 0.040 before and after the arrival of the SA cloud respectively, listed in Table 3 above.  

3.2 Series of sAOD observations at Sacramento Peak, New Mexico, 1963 to 1975. 

The series of sAOD calculated between 12 and 25 km, combining the 36 days observations between December 1963 and 195 

December 1964 already rescued (Antuña-Marrero et al., 2024), and the observations of the sAOD calculated from the 11 

rescued AEPc reported here are shown in Figure 3. The 4 AEPc from February to June 1963, depict the arrival to 32ºN of the 

SA from the first, March 17th, Mt Agung eruption. It was identified and reported by Elterman et al. (1973). The magnitude of 

0.040 of the sAOD in April 20th is among the highest registered in the joint sAOD series, with only three observations showing 

higher sAOD magnitudes, all of them in the first half of 1964: February 14th and 16th, with sAOD of 0.048 and 0.045 200 

respectively and 0.050 on June 12th 1964. It should be emphasized that the cited sAOD value on June 12th, together with the 

increase in the magnitudes of the four daily AEPs observed from June 9th to 12th 1964, represents an anomaly in the expected 

decay state of the SA from the Mt Agung eruptions on March 17th and May 16th 1963. It could be associated to one of the 

eruptions registered in the northern hemisphere with a Volcanic Explosive Index (VEI) equal or higher than 3. A similar 

situation is present also for Mt Agung 1963 eruption, but in the rescued lidar record at Lexington, MA, at 42ºN. There the 205 

sAOD from lidar AEPs shows peaks with magnitudes inconsistent with the SA decay in November and December 1964 and 

between March and July 1965 (Antuña-Marrero et al., 2021). Further research is necessary to identify the sources of SA in all 

those cases. 
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 210 
Figure 3: Joint SA optical depth (sAOD) of the 36 daily AEP from December 1963 to December 1964 already rescued 
(blue stars), and the 11 profiles (in red). The different markers used for the rescued sAOD represent their variable 
temporal resolutions. The red asterisks are the sAOD from daily single profiles: 28th March 1963, 20th April 1963 and 
11th November 1974. The red diamonds are the sAOD of the monthly averaged AEP profiles for November 1974, 
January and May 1975. The sections of discontinuous line represent the sAOD of the multi-monthly averaged AEP 215 
profiles, whose length is determined by the 15th days of the beginning and ending months of the averages for February-
March and April-June 1963, September 1965-January 1966, October-November 1970 and September 1973-July 1974. 

The final section of the AEP and the sAOD series provides information about almost a year before the October 14th and 16th, 

1974 Fuego eruptions, and also after it. The volcanic signal is present in the AEP and sAOD on November 11th 1974, as well 

as in the monthly mean values of the AEP and sAOD for November 1974, January and May 1975. The high sAOD magnitude 220 

between 1959 and 1962 were reported on contemporary observations. In the tropics, positive anomalies of the Linke turbidity 

coefficient between 1958 and 1962 were reported at Mauna Loa Observatory, before the 1963 Agung eruption (Ellis and 

Pueschel, 1971). At northern midlatitudes, the ratio of observed scattering to Rayleigh scattering at 660 nm from twilight 

measurements at Blue Hill Observatory, conducted during the winter of 1959-60, are higher than 3 between 10 and 20 km in 

figure 2 from Volz (1964). The high sAOD values were attributed to the number of nuclear explosions in the atmosphere 225 

during that period that peaked between 1960 and 1962 (Kondratyev et al., 1974). 

4 Data availability 

Data described in this work is available at https://doi.pangaea.de/10.1594/PANGAEA.992616, (Antuña-Marrero et al., 2026). 

https://doi.pangaea.de/10.1594/PANGAEA.992616
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5 Summary and outlook. 

The present work is an important step forward to determine and to understand the temporal evolution of the SA’s optical 230 

properties from the 1963 Mt Agung, the 1974 El Fuego volcanic eruptions and the background periods around them, in the 

northern hemisphere midlatitudes. However, as we pointed out above, the number of AEPs rescued represent less than half of 

the AEP searchlight observations conducted between 1963 and 1975. Those still missing AEPs will contribute to a deeper 

understanding of the SA evolution. 

The search for the original searchlight ABPs and its original processing algorithm continues. The search in the available 235 

literature, revealed that the searchlight ABPs were processed by computer (Elterman, 1966a), using the processing output on 

punched cards to produce AEPs and ATPs plots and few partial tabulations that were published in articles and reports. Four 

software applications for the searchlight ABP processing, were reported to be implemented and stored at the Analysis and 

Simulation Branch of the Computation Centre at the AFCRL; at the time all the US government computer facilities conducted 

the transition from the storage of data and software in punched cards to magnetic tapes (Cronin, 1972). So far, the search for 240 

those digital records has been unsuccessful, but we will not give up. 

Author contributions 

JCAM, AC and VC contributed designing and leading the data rescue procedure. JP conducted the digitalization of the turbid-

ity/aerosol profiles from the plots and their preliminary processing. All co-authors contributed to either advising the data 

recovery, the processing and analysis of the rescued data. RGH and JAA conducted detailed reviews of the paper final version. 245 

Competing interests 

The authors declare that they have no conflict of interest. 

 

Acknowledgments: To the memory of Louis Elterman and the team he led for their extraordinary achievements both 

technologically and scientifically. We also thank the support from the Library of the Universidade de Vigo and the Library of 250 

Faculty of Physics of the Complutense University of Madrid for their contributions in the search, location and acquisition of 

scientific literature. We thank Jeannette van den Bosch and the NASA JSC White Sands Test Facility for their effort in 

establishing and maintaining AERONET White_Sands_HELSTF site. Juan Carlos Antuña Marrero recognizes the support 

from the Optics Atmospheric Group, the Theoretical, Atomic, and Optical Physics Department, and the Applied Physics 

Department of University of Valladolid, Spain. Juan Carlos Antuña Marrero also recognizes the support from the EPhysLab 255 

of the University of Vigo at Ourense. 

 



11 
 

Financial Support: This research work was supported by the Ministry for the Ecological Transition and the Demographic 

Challenge (MITECO) and the European Commission NextGenerationEU (Regulation EU 2020/2094), through CSIC's 

Interdisciplinary Thematic Platform Clima (PTI-Clima) /Development of Operational Climate Services (Ref. CSC2304000), 260 

by the Grant PID2024-158326NB-I00 funded by MICIU/AEI/10.13039/501100011033. The EPhysLab is supported by the 

Government of Galicia (Grant: ED431C 2025/37). 

References 

Antuña-Marrero, J.-C., Mann, G. W., Keckhut, P., Avdyushin, S., Nardi, B., and Thomason, L. W.: Shipborne lidar 

measurements showing the progression of the tropical reservoir of volcanic aerosol after the June 1991 Pinatubo eruption, 265 

Earth Syst. Sci. Data, 12, 2843–2851, https://doi.org/10.5194/essd-12-2843-2020, 2020a. 

Antuña-Marrero, Juan Carlos; Mann, Graham W; Keckhut, Philippe; Avdyushin, Sergey I; Nardi, Bruno; Thomason, Larry W 

(2020): Ship borne lidar measurements in the Atlantic of the 1991 Mt Pinatubo aerosol cloud [dataset publication series]. 

PANGAEA, https://doi.org/10.1594/PANGAEA.912770, 2020b.  

Antuña-Marrero, J.-C., Mann, G. W., Barnes, J., Rodríguez-Vega, A., Shallcross, S., Dhomse, S., Fiocco, G., and Grams, G. 270 

W.: The first ever multi-year lidar dataset of the stratospheric aerosol layer, from Lexington, MA, and Fairbanks, AK, January 

1964 to July 1965, Pangaea, https://doi.org/10.1594/PANGAEA.922105, 2020c. 

Antuña-Marrero, J.-C., Mann, G. W., Barnes, J., Rodríguez-Vega, A., Shallcross, S., Dhomse, S. S., Fiocco, G., and Grams, 

G. W.: Recovery of the first ever multi-year lidar dataset of the stratospheric aerosol layer, from Lexington, MA, and Fairbanks, 

AK, January 1964 to July 1965, Earth Syst. Sci. Data, 13, 4407–4423, https://doi.org/10.5194/essd-13-4407-2021, 2021. 275 

Antuña-Marrero, J. -C.; Mann, G. W.; Barnes, J.; Calle, A.; Dhomse, S.; Cachorro Revilla, V. E; Deshler, T.; Zhengyao, Li; 

Sharma, N.; Elterman, L.: Tropospheric and stratospheric aerosol extinction and stratospheric aerosol optical depth from 

searchlight measurements conducted at White Sands, New Mexico, US between December 1963 and December 1964. 

PANGAEA, https://doi.org/10.1594/PANGAEA.949377, 2023. 

Antuña-Marrero, J.-C.; Mann, G.W.; Barnes, J.; Calle, A.; Dhomse, S.S.; Cachorro, V.E.; Deshler, T.; Li, Z.; Sharma, N.; 280 

Elterman, L., The Recovery and Re-Calibration of a 13-Month Aerosol Extinction Profiles Dataset from Searchlight 

Observations from New Mexico, after the 1963 Agung Eruption. Atmosphere, 15, 635. 

https://doi.org/10.3390/atmos15060635, 2024. 

Antuña-Marrero, J.-C.; Calle, A.; Añel, J. A.; Cachorro, V. E; de la Torre, L.; Barriopedro, D.; García-Herrera, R.; Pacheco, 

J.: Rescued searchlight aerosol profiles dataset at New Mexico (32ºN), completing the period from early 1963 to 1975 [dataset 285 

under review]. PANGAEA, https://doi.pangaea.de/10.1594/PANGAEA.992616, 2026.  

Arfeuille, F., Weisenstein, D., Mack, H., Rozanov, E., Peter, T., and Brönnimann, S.: Volcanic forcing for climate modeling: 

a new microphysics-based data set covering years 1600–present, Climate of the Past, 10, 359–375, https://doi.org/10.5194/cp-

10-359-2014, 2014. 

https://doi.org/10.5194/essd-12-2843-2020
https://doi.org/10.1594/PANGAEA.912770
https://doi.org/10.1594/PANGAEA.922105
https://doi.org/10.5194/essd-13-4407-2021
https://doi.org/10.1594/PANGAEA.949377
https://doi.org/10.3390/atmos15060635
https://doi.pangaea.de/10.1594/PANGAEA.992616
https://doi.org/10.5194/cp-10-359-2014
https://doi.org/10.5194/cp-10-359-2014


12 
 

Clemesha, B. R., Kent, G. S., and Wright, R. W. H.: Laser probing of the lower atmosphere, Nature, 209, 184–185, 290 

https://doi.org/10.1038/209184a0, 1966. 

Cronin, E.C., A Systems Analysis; A Functional Organization; A Customer Users Library (CUL), AFCRL-72-035, 626 pp., 

https://apps.dtic.mil/sti/tr/pdf/AD0755389.pdf, 1972. 

Dhomse, S. S., Mann, G. W., Antuña Marrero, J. C., Shallcross, S. E., Chipperfield, M. P., Carslaw, K. S., Marshall, L., 

Abraham, N. L., and Johnson, C. E.: Evaluating the simulated radiative forcings, aerosol properties, and stratospheric 295 

warmings from the 1963 Mt Agung, 1982 El Chichón, and 1991 Mt Pinatubo volcanic aerosol clouds, Atmos. Chem. Phys., 

20, 13627–13654, https://doi.org/10.5194/acp-20-13627-2020, 2020. 

Dyer, A. J., and B. B. Hicks, Global spread of volcanic dust from the Bali eruption of 1963, Q. J. R. Meteorol. Soc., 94, 545–

554, https://doi.org/10.1002/qj.49709440209, 1968. 

Ellis, H.T. and R.F. Pueschel, Solar radiation: absence of air pollution trends at Mauna Loa, Science, 172, 845-847, 300 

https://10.1126/science.172.3985.845,1971. 

Elterman, L. Atmospheric Attenuation Model in the Ultraviolet, Visible, and Infrared Regions for Altitudes to 50 km., AFCRL-

64-740; 1964; 40p. Available online: https://apps.dtic.mil/sti/pdfs/AD0607859.pdf, (accessed on 20 August 2025), 1964. 

Elterman, L. Aerosol Measurements in the Troposphere and Stratosphere. Appl. Opt., 5, 1769–1776, 

https://doi.org/10.1364/AO.5.001769, 1966a. 305 

Elterman, L. An Atlas of Aerosol Attenuation and Extinction Profiles for the Troposphere and Stratosphere; Report AFCRL-

66-828, AFCRL: Bedford, MA, USA, 128 p. Available online: https://apps.dtic.mil/sti/pdfs/AD0649778.pdf (accessed on 5 

June 2024), 1966b. 

Elterman, L., Toolin, R. B., Essex, J. D., Stratospheric Aerosol Measurements with Implications for Global Climate, Appl. 

Opt. 12 (2), 1262-1263, https://doi.org/10.1364/AO.12.000330, 1973. 310 

Elterman, L., Stratospheric aerosol parameters for the Fuego volcanic incursion, Appl. Opt. 14 (6), 1262-1263, 

https://doi.org/10.1364/AO.14.001262, 1975. 

Elterman, L., Aerosol measurements since 1973 for normal and volcanic stratospheres, Appl. Opt. 15 (5), 1113-1114, 

https://doi.org/10.1364/AO.15.001113, 1976. 

Fiocco, G., and Grams, G.: Observations of the aerosol layer at 20 km by optical radar, J. Atmos. Sci., 21, 323–324, 315 

https://doi.org/10.1175/1520-0469(1964)021<0323:OOTALA>2.0.CO;2, 1964. 

Fontijn, K., Costa, F., Sutawidjaja, I., Newhall, C. G., and Herrin, J. S.: A 5000-year record of multiple highly explosive mafic 

eruptions from Gunung Agung (Bali, Indonesia): implications for eruption frequency and volcanic hazards, B. Volcanol., 77, 

59, https://doi.org/10.1007/s00445-015-0943-x, 2015. 

Gao, C., Robock, A., and Ammann, C.: Volcanic forcing of climate over the past 1500 years: an improved ice core-based 320 

index for climate models, J. Geophys. Res, 113, D23111, https://doi.org/10.1029/2008JD010239, 2008. 

Kondratyevet al., Investigations of the stratospheric aerosols, Procc. 3rd Conf. on the Climatic Impact Assessment Program: 

February 26 - March 1, pp. 143-152. https://rosap.ntl.bts.gov/view/dot/10975, 1974 

https://doi.org/10.1038/209184a0
https://apps.dtic.mil/sti/tr/pdf/AD0755389.pdf
https://doi.org/10.1002/qj.49709440209
https://10.0.4.102/science.172.3985.845
https://apps.dtic.mil/sti/pdfs/AD0607859.pdf
https://doi.org/10.1364/AO.5.001769
https://apps.dtic.mil/sti/pdfs/AD0649778.pdf
https://doi.org/10.1364/AO.12.000330
https://doi.org/10.1364/AO.14.001262
https://doi.org/10.1364/AO.15.001113
https://doi.org/10.1175/1520-0469(1964)021%3c0323:OOTALA%3e2.0.CO;2
https://doi.org/10.1007/s00445-015-0943-x
https://doi.org/10.1029/2008JD010239
https://rosap.ntl.bts.gov/view/dot/10975


13 
 

Reeger, E.; Siedentopf, H. Die Streufunktion des Atmospharischen Dunstes nach Scheinwerfer Messungen. Optik, 1, 15–41, 

1946. 325 

Rohatgi, A. WebPlotDigitizer, Version 5. 2024. Available online: https://automeris.io, (accessed on 23 November 2024). 

Sato, M., Hansen, J. E., McCormick, M. P., and Pollack, J. B., Stratospheric aerosol optical depths, J. Geophys. Res., 98, 

22987, https://doi.org/10.1029/93JD02553, 1993. 

Self, S. and Rampino, M. R.: The 1963–1964 eruption of Agung volcano (Bali, Indonesia), B. Volcanol., 74, 1521–1536, 

https://doi.org/10.1007/s00445-012-0615-z, 2012. 330 

Stothers, R. B.: Major optical depth perturbations to the stratosphere from volcanic eruptions: Stellar extinction period, 1961–

1978, J. Geophys. Res. - Atmos., 106, 2993–3003, https://doi.org/10.1029/2000JD900652, 2001. 

Thomason, L. W., Ernest, N., Millán, L., Rieger, L., Bourassa, A., Vernier, J.-P., Manney, G., Luo, B., Arfeuille, F., and Peter, 

T.: A global space-based stratospheric aerosol climatology: 1979–2016, Earth Syst. Sci. Data, 10, 469–492, 

https://doi.org/10.5194/essd-10-469-2018, 2018. 335 

Volz, F. E., Twilight Phenomena Caused by the Eruption of Agung Volcano., Science, 144, pp. 1121-1122, 

https://www.jstor.org/stable/1713387, 1964. 

Wells, M.B. Monte Carlo Analysis of Searchlight Scattering Measurements; AFCRL-68-0311, AD0675153; Air Force 

Cambridge Research Laboratories, Office of Aerospace Research, United States Air Force: Bedford, MA, USA, 1968; 23pp. 

https://apps.dtic.mil/sti/pdfs/AD0675153.pdf, 1968. 340 

 

https://automeris.io/
https://doi.org/10.1029/93JD02553
https://doi.org/10.1007/s00445-012-0615-z
https://doi.org/10.1029/2000JD900652
https://www.jstor.org/stable/1713387
https://apps.dtic.mil/sti/pdfs/AD0675153.pdf

	1 Introduction
	2 The searchlight tropospheric and stratospheric AEP observations at New Mexico 1963 to 1975
	2.1. ATP and AEP plots: its digitization and ATP conversion to AEP.
	2.2. Estimated errors:
	2.2.1 Estimated errors of the ATPd and the calculated sAOD:
	2.2.2 Estimated error of the AEPc:
	3. Some volcanic SA features present in the 1963-1975 rescued searchlight AEP and sAOD series.
	3.1 The transport of the SA from the 1963 Mt. Agung eruption from 8ºS to 32ºN.
	3.2 Series of sAOD observations at Sacramento Peak, New Mexico, 1963 to 1975.

	4 Data availability
	5 Summary and outlook.

	Author contributions
	Competing interests
	References

