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Remote Sensing at Svalbard for Studying Vertical Coupling Processes in the Atmosphere from 80 to 1000 km

• The middle and upper atmosphere in polar regions are influenced by 
processes from both below and above


• Solar forcing: X-ray and EUV, charged particle precipitations, and 
electric field


• Lower atmosphere forcing: atmospheric waves, SSW, and global 
meridional circulation


• Vertical coupling processes are fundamentally important for 
atmospheric science. 


• The motivations of this study: 
• To gain a comprehensive understanding of the magnetosphere–

ionosphere–thermosphere coupling processes from 80 km to 1,000 
km in the polar regions


• To extend the coverage of space weather forecasting up to the 
exosphere


• Tracers for our optical remote sensing

• OH: upper mesosphere (80 km - 90 km)

• N2+: lower thermosphere (100 km -150 km) , only in aurora

• He: upper thermosphere — exosphere (300 km - 1,000 km)


•

Purpose of this study
Vertical coupling process in the arctic atmosphere
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Remote Sensing at Svalbard for Studying Vertical Coupling Processes in the Atmosphere from 80 to 1000 km

• We have installed new instruments at the KHO, Longyearbyen in 
November 2022 (Nishiyama et al., 2024). 


• Near InfraRed Aurora and airglow Spectrograph-2 (NIRAS-2)

• Spectrum: N2+ aurora, OH and He(23S) airglow


• Near InfraRed Aurora and airglow Camera (NIRAC)

• 2-D imaging: N2+ aurora and OH airglow 


• Radar measurements in VHF

• EISCAT Svalbard radar (ESR)


• Electron density, electron/ion temperature, ion velocity: 80 
— 500 km


• Meridional and zonal wind with some assumptions: 100 — 
120 km


• Nippon/Norway Svalbard Meteor Radar

• Meridional and zonal wind:  80 km — 100 km 

• https://radars.uit.no/NSMR-index.html


• At Veksthuset, Ny-Ålesund

• RiS ID 12514: LF radio wave measurement 

• RiS ID 12387: GNSS and next generation SBAS receivers

• A new spectrometer for He(23S) and OH airglow is under 

consideration

Observations
Longyearbyen, Svalbard
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Figure 1. A bird’s eye view of the Kjell Henriksen Observatory. The two EISCAT Svalbard

Radar antennas can be seen behind the observatory. The road through the Adventdalen valley is

also visible, which leads to the town of Longyearbyen in the top left of the image. Image credit:

Bjørn Strathmann.

servatory roof in Fig. 1), which are heated to keep them free from snow and ice, so that63

the instruments have an unobstructed view of the sky. Types of instrumentation include:64

all-sky cameras, narrow field-of-view (FOV) imagers, spectrometers, photometers, inter-65

ferometers, magnetometers, Global Navigation Satellite System (GNSS) receivers, and66

other radio and non-optical instruments. A virtual tour of the observatory is available67

online1. An international research community designs, builds and maintains the instru-68

ments at KHO. As of early 2024, there are instruments from 18 institutions from 9 coun-69

tries.70

Although the site itself is maintained by a small, local crew, instrument principal71

investigators and their teams visit frequently for instrument maintenance and upgrades.72

KHO is also used for teaching activities and as ground support for international cam-73

paigns involving sounding rockets. Fig. 2 shows an overview of the di↵erent types of in-74

struments at KHO, and their targeted altitude regions of the atmosphere. The instru-75

ments target the ionosphere, a region where solar radiation ionizes neutral particles, cre-76

ating charged ions and free electrons. The ionosphere spans altitudes roughly between77

60-1000 km and is partitioned into the D-, E-, and F-regions. Earth’s magnetic field plays78

a crucial role in guiding, shaping, and controlling the motion of charged particles in the79

ionosphere. The instruments in the diagram have been placed in the regions where the80

majority of their measurements are concentrated. However, please note that there may81

be minor contributions from other regions. A list of all current instruments and their82

owners can be found in Appendix A1. More detailed technical descriptions of the instru-83

ments can be found on the KHO website2.84

1.1 Space Physics85

The main focus of the Kjell Henriksen Observatory is to gather data for space physics86

research, encompassing magnetic interactions between the Sun and Earth and their con-87

sequences for the Earth’s atmosphere. The Sun’s magnetic field permeates the solar sys-88

1 https://youtu.be/CVBNDK3UJVA
2 http://kho.unis.no/Instruments.html
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Fig. A bird’s eye view of the Kjell Henriksen Observatory. (Herlingshaw et al., 
2024)

32-m ESR 42-m ESR

NIRAS-2

NIRAC

KHO

Magnetic latitude: 75.4° (L-value: 15.8)

Magnetic longitude: 110.7° (MLT = LT + 1.5 = UT + 2.5)
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• Dataset: NIRAS-2 aurora fine mode


• OH rotational temperature: errors less than 10 K, with 10 minutes integration

• N2+ rotational temperature can be also estimated 

• “Pure” He(23S) spectra is obtained from subtraction of Q-lines in OH(5,2) 

described in Nishiyama et al., (2025) 

Instruments
Dataset in this study
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Center/Range FWHM (30/60-µm slit) Target: Aurora and Airglow
1105 nm/1060-1130 

nm
0.22/0.44 nm N2+ M(0,0) OH(5,2), He(23S)

He(23S) three lines (23P0,1,2 → 23S1) blended with OH(5,2) Q2(1) and Q1(1)

Fig. An example of spectrum by NIRAS-2 measurements in Mode-1

meridional directions with angular resolutions of 3.6°. Black horizontal dashed lines indicate the local field line
direction as shown in Figures 4b–4d. The He�23S� brightness variations in the NIRAS‐2 FOV didn't exhibit a
distinct structure in the north‐south direction like the one found in Trot near 80 km altitude. The He�23S� brightness
variations may correspond to ones in the neutral temperature and/or wind in the upper thermosphere and the
exosphere, but a discussion on this topic is beyond the scope of this paper.

3.2. Solar Zenith Angle Dependence of He�23S� Airglow Brightness

Next, the dependence of He�23S� airglow brightness on SZA was examined using the continuous 17‐night data
set. Figure 5a is a scatter plot of SZA and airglow brightness with the 10‐min integration: He�23S� 1083‐nm
emission, and P1Ö3Ü line in the OH(5,2) band as a reference of meteorological conditions. The brightnesses
measured with SZAs greater than 97° are only used in the plot. Figure 5b is the same figure as Figure 5a, but with
He�23S� brightness normalized by the P1Ö3Ü brightness; it shows the SZA dependence more clearly. The SZA
dependence is known to have an exponential feature (N. N. Shefov et al., 2009), so we fitted a simple exponential
curve as follows.

Robs à a exp fbÖSZA � cÜg Ö5Ü

Here, Robs is the brightness ratio between the He�23S� and the OH P1Ö3Ü emissions. The fitting result is indicated
by the red line in Figure 5b. The observed data and fitting curves often diverge, maybe because other de-
pendencies on potential parameters such as LZA, season, F10:7, and Kp were not taken into account (N. N. Shefov
et al., 2009). Although these plots will be improved in the future as more data are collected, in the following
sections we use the fitting result as a reference for typical nocturnal variations in He�23S� brightness determined
only by SZA.

Figure 3. (a) Synthetic spectrum of Q‐ and P‐branch lines in OH(5,2) band as a function of Trot, which is calculated by
convolution with the NIRAS‐2 instrumental function. The Einstein coefficient and rotational energy term were taken from
Brooke et al. (2016) and Krassovsky et al. (1962), respectively. (b) OH synthetic spectrum fitting to the observed P‐branch
lines. In this case, Trot was estimated to be 206 K with an error of ⌃5.6 K. (c) Same plot as (b) but for the Q‐branch spectrum
calculated from the Trot. (d) Pure He�23S� spectrum obtained by subtracting the OH spectrum from the observed one.
Brightness of the pure He�23S� emission was 3.3 kR, and it was consistent with past observations and model calculations for
low and mid latitudes (Noto et al., 1998; Tinsley & Christensen, 1976; Waldrop et al., 2005).
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Fig. (Top) Synthetic spectrum of Q‐branch lines in OH(5,2) band as a 
function of Trot (Bottom) Pure He(23S) spectrum obtained by subtracting 

the OH spectrum from the observed one.


Blue: OH + He
Orange: OH

Green: He
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• He behaves as a dynamical tracer in the uppermost region of the global 
atmospheric circulation.


• Seasonal variations known as “He winter bulge” 


• Interhemispheric transport in the upper thermosphere, flowing from 
the summer hemisphere toward the winter hemisphere, plays a major 
role in producing the bulge (e.g., Liu et al., 2014; Sutton, 2016)


• Upper thermosphere is the critical region for low earth orbit satellites 
operations (Hapgood et al., 2022; Zhang et al., 2022).


• 38 Starlink satellites failed to enter orbit shortly after launch in 2022, 
due to atmospheric heating associated with geomagnetic “storm”

He(23S): tracer of  upper thermosphere
Why Upper Thermosphere is important…?
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Figure 4. The relative contributions of gravity wave drag on (a) total mass density  (black solid line), mass density of 
helium  (red solid line), and mass mixing ratio of helium  (blue solid line) at 300 km, and (b)  (blue solid line) at 
Zp = 3 (∼300 km).

Figure 5. (a) The latitude-pressure level distribution of the percentage change of mass mixing ratio of helium  (color shading) as well as the difference of 
thermospheric circulation (black arrows) between RUNw and RUNw/o. The change rates of  due to the meridional advection (blue lines), vertical advection (red 
lines), and their summation (black lines) at Zp = 3 from (b) RUNw/o, (c) RUNw, and (d) their difference.
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Fig. The latitude-pressure level distribution of the percentage change of 
mass mixing ratio of helium ΨHe (color shading) as well as the difference 

of thermospheric circulation (black arrows) (Ren et al., 2023)


Zp = -6.5 (~95 km)

Zp = 3 (~300 km)

Summer

SH

Winter

NH

Fig. MSIS 2.1 
calculation for time 

variations in He 
density at 

Longyearbyen from 
Sep 1 2024 to May 1 

2025
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Results
Winter bulge: Sep. 2024 - Apr. 2025
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• He(23S) brightness clearly shows 
winter bulge (Geach & Kaifler, 2025)


• With large day-to-day variability 
related to geomagnetic activity


• Sudden increases in brightness 
ratio, He(23S)/OH, agrees well with 
some Solar Proton Events  

G4 storm G4 storm Ap & F10.7

Blue: He(23S)
Orange: OH
Red: He MSIS

Brightness ratio:
He(23S)/OH

He depression?

SPE
Fig. (1st) Ap and F10.7 (2nd) Observed 

airglow brightness and helium density at 
500 km calculated by MSIS 2.1 (3rd) 

Normalized orthohelium brightness to OH 

SPE list:

https://www.ngdc.noaa.gov/stp/space-weather/interplanetary-
data/solar-proton-events/SEP%20page%20code.html
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•       

Results
Storm in Nov. 2025 
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• One severe storm: Nov. 2025

• The highest Ap index during the period in this study

• Rapid enhancement in brightness He(23S) exceeding 40 kR 

on Nov.12

• Consistent with drastically changes in plasma 

parameter measured by ESR

Ap & F10.7

Blue: He(23S)
Orange: OH
Red: He MSIS

Brightness ratio:
He(23S)/OH

Fig. (1st) Ap and F10.7 (2nd) Observed airglow brightness and helium density at 500 km 
calculated by MSIS 2.1 (3rd) Normalized orthohelium brightness to OH

G4 storm

Fig. (1st) Electron denisty (2nd) electron temperature (3rd) ion temperature 
measured by EISCAT Svalbard Radar

Storm onset
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• Horizontal wind based on the meteor radar can be compared to temporal variations in the temperatures

Results
Upper mesospheric temperature

8

NIRAS-2: OH Rotational temp. (Synthetic spectrum fitting)

Aura/MLS: Kinetic temp. @ 82 km

Aura/MLS: Kinetic temp. @ 78 km

Continuous 24-hours observations

Fig. A time series of OH rotational temperature for 6-month, and Aura/MLS measurements at 78 and 82 km altitudes are also plotted for comparisons.
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Conclusion
Vertical coupling process in the arctic atmosphere
• The motivations of this study: 

• To gain a comprehensive understanding of the magnetosphere–ionosphere–thermosphere coupling processes from 80 km 
to 1,000 km in the polar regions


• Tracers for our optical remote sensing

• OH: upper mesosphere (80 km - 90 km)

• N2+: lower thermosphere (100 km -150 km) , only in aurora

• He: upper thermosphere — exosphere (300 km - 1,000 km)


• With active and passive radio remote sensing 


• Collaboration with other WGs can be proposed as follows. 

• Mesospheric and stratospheric ozone changes: increases in density of minor species such as NOx and HOx due to solar 

forcing, and vertical downward transport


• Atmospheric wave connections between troposphere and middle/upper atmosphere: Tides and GWs up to 1,000 km 
altitudes


• Corrections of atmospheric absorption using observed H2O vertical profiles in the lower atmosphere


• Continuous measurements will improve our understanding of vertical coupling processes in the atmosphere.

• Challenge to extend the lower boundary of atmospheric studies downward to the troposphere or the ground surface.
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