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Abstract

This study explores the relationship between upper-tropospheric nitrogen oxides (NOx) concentrations and lightning intensity through WRF-
Elec Chemistry modeling methodologies. By scrutinizing this connection, the research endeavors to elucidate the nuanced interplay between
NOx levels and lightning events, offering substantive insights into atmospheric processes. The model simulations are carried out with a spatial
resolution of 15 km to refine the understanding of NOx emissions from lightning events. Adjusted for background levels, the derived NOx
concentrations exhibit a robust correlation with lightning flashes detected by the LDSN, contributing invaluable insights into atmospheric
processes. Significantly, correlation coefficients of r=0.5593 across the entire Indian region and r=0.8472 within selected domains at 9 kilometers
altitude underscore the study’s findings. These results deepen our understanding of lightning’s impact on atmospheric chemistry,
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Introduction

In the troposphere, nitrogen oxides (NOx = NO + NO,)
constitute a crucial component of atmospheric chemistry,
originating from diverse natural and anthropogenic sources.
Among these sources, lightning discharges emerge as a significant
contributor, contributing approximately 10-15% to the total NOx
budget alongside other natural phenomena. The dissociation of
abundant atmospheric components such as N, and O, during
lightning discharges at high altitudes leads to the formation of

nitrogen oxides [1].

Recent studies have underscored the importance of lightning-
induced NOx emissions, particularly in the upper troposphere,
where most Lightning NOx (LNOx) is concentrated, notably above
7km altitude (Murray et al. 2012). This altitude range is pivotal
due to the longer lifetime of NOx molecules, which influences
climate dynamics by impacting ozone (0,) production and other
chemical processes [2].

However, the production of LNOx remains subject to
uncertainties influenced by various factors, including the strength
of convective activity and lightning characteristics [1]. While

uncertainties exist in other NOx sources, the potential positive
feedbackloop between lightning activity and surface temperatures
underscores the urgency of refining our understanding of LNOx
production.

Accurate comprehension of the global LNOx budget is
essential for precise modeling of NOx and O, variations and trends,
as well as for analyzing the influence of different NOx sources on
atmospheric dynamics. Therefore, this paper aims to investigate
the relationship between lightning discharges and NOx emissions,
shedding light on the mechanisms and implications of lightning-
induced atmospheric chemistry.

Methodology

The study employed the Weather Research and Forecasting
(WRF) Model with Chemistry Version 3.9.1.1 to investigate
the correlation between nitrogen oxide (NOx) emissions from
lightning and atmospheric dynamics (e.g., Cummings et al. [3];
Pierre et al. [4]). The model simulation spanned from June 18th
to 20th, 2022, utilizing a horizontal resolution of 15km within
a single domain and featuring 29 vertical levels. To enhance the
representation of lightning events, the study integrated the NSSL
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two-moment microphysical scheme alongside the Grell-Devenyi
ensemble scheme for cumulus physics. These namelist options
were chosen to improve the simulation of convective processes
and cloud microphysics critical for accurately capturing lightning-
induced NOx emissions.

Meteorological initial and boundary conditions were sourced
from the Global Forecast System (GFS), provided every 6 hours at
a horizontal grid resolution of 0.25° x 0.25°. Boundary conditions
for gas-phase species and aerosols were obtained from MOZBC
at a resolution of 1° x 1° and spatially interpolated to match the

study’s domain every 6 hours. The study area is shown in the
Figure 1. Additional chemical models employed in the study
to simulate atmospheric chemistry include, wesley, exocolden,
megan, finn and anthro. By incorporating these chemical models
into the atmospheric simulation framework, the study aims
to capture the complex interactions and feedbacks between
natural and human-induced emissions, atmospheric chemistry,
and meteorological processes. This integrated approach enables
a more holistic understanding of atmospheric dynamics and
pollutant distributions, contributing to improved air quality
management and climate change mitigation strategies.

Figure 1: Domain selected for WRF model run, covering complete India.

Figure 2 illustrates the NRSC’s Lightning Detection System
Network (LDSN), comprising 46 omnidirectional antennas with
a 300-kilometer detection range each, strategically positioned to
monitor lightning activity nationwide. More details on LDSN are

elaborated elsewhere [5,6].
Results and Discussion

The model outputs were compared with ground-based
lightning data on June 18, 2022, at 10:00 UTC across India. Figure
3 shows a difference image obtained by subtracting it from the
previous time image of the model outputs. The correlation
coefficient between the difference image and LDSN data (shown
in Figure 4) is 0.5593, suggesting a positive correlation between
model predictions with observed lightning activity. However,
notable overestimations around the Western Ghats and the lower
Northeast region are also noteworthy which is consistent with

previous findings that model show large deviations from the
observations (e.g., Venkatesh et al. [7]). Moreover, within selected
5° x 5° domains at 9 kilometers (shown in Figure 5) altitude for
all chosen times, the correlation coefficient is r=0.8472 (Figure 6).

It is evident that the regression analysis between NOx
variations and the average number of CG flashes reveal a
noteworthy correlation with slope of 0.13581. This slope indicates
that, on average, for each additional unit increase in the average
number of CG flashes, there is a corresponding increase of 0.13581
units in delta NOx concentration. Moreover, Pearson’s r coefficient
0f 0.8472 signifies a strong positive correlation between delta NOx
and the average number of CG flashes. This coefficient suggests
that there is a robust linear relationship between these variables,
further supported by the high R-squared value (COD) of 0.71775.
The R-squared value indicates that approximately 71.775% of
the variability in delta NOx can be explained by variations in the
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average number of CG flashes. These statistical findings provide
compelling evidence of the influence of lightning activity on
NOx concentrations in the upper atmosphere, underscoring the

importance of considering lightning dynamics in atmospheric
modeling and environmental studies.
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Figure 2: LDSN Host locations covering mainland India.
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Figure 3: NOx concentration on 18 June 2022 at 10Hrs UTC.
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LDSN observations at 10 Hrs UTC for 18 June 2022
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Figure 4: LDSN Ground data on 18 June 2022 at 10Hrs UTC.
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Figure 5: NOx concentration on 19 June 2022 at 20Hrs UTC with 5° x 5° grids selected (highlighted in red) for carrying out the
comparison.
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Figure 6: Plot showing comparison between NOx concentration and CG Flashes over 5° x 5° selected grids.

60 80 100

Acknowledgement

The NRSC-LDS network is funded through the National
Information System for Climate and Environment Studies (NICES)
program of NRSC, ISRO, Dept. of Space. We thank SISG team and
BHUVAN team for their help with computational infrastructure.

References

1. Pickering KE, Thompson AM, Wang Y, Tao WK, McNamara DP, et
al. (1998) Lightning NOx emissions over the USA constrained by
TES satellite observations and the GEOS-Chem model. Journal of
Geophysical Research: Atmospheres 123(14): 7787-7805.

2. Allen DJ, Pickering KE, Pinder RW (2012) Impact of lightning-NO on
eastern United States photochemistry during the summer of 2006
as determined using the CMAQ model. Atmospheric Chemistry and
Physics 12(4): 1737-1758.

3. Cummings K, Pickering K, Barth M, Bela M, Li Y, et al. (2014). A WRF-
Chem flash rate parameterization scheme and LNOx analysis of the
29-30 May 2012 convective event in Oklahoma during DC3, pp. 1-22.

. Sicard P, Crippa P, De Marco A, Castruccio S, Giani P, et al. (2021) High

spatial resolution WRF-Chem model over Asia: Physics and Chemistry
Evaluation. Atmospheric Environment 244: 118004.

. Taori A, Suryavanshi A, Pawar S, M V R Seshasai (2022) Establishment

of lightning detection sensors network in India: generation of essential
climate variable and characterization of cloud-to-ground lightning
occurrences. Nat Hazards 111: 19-32.

. Taori A, A Suryavanshi, RV Bothale (2023) Cloud-to-ground lightning

occurrences over India: seasonal and diurnal characteristics deduced
with ground-based lightning detection sensor network (LDSN). Nat
Hazards 116: 4037-4049.

. Venkatesh D, A Taori, A Suryavanshi, K Srinivas Rao, MK Madhav

Haridas, et al. (2023) Comparison of ground-based lightning detection
network data with WRF-Elec forecasting estimates over India - Initial
results. Remote Sensing Letters 14(10): 1009-1020.

“ How to cite this article: D Venkatesh, A Taori, M Mallikarjun, G Srinivasa R. Investigating the Relationship between Upper Tropospheric NOx Dynamics
and Lightning Events using WRF-Elec Chemistry. Int J Environ Sci Nat Res. 2024; 34(3): 556387. DOI: 10.19080/IJESNR.2024.34.556387


http://dx.doi.org/10.19080/IJESNR.2024.34.556387
https://acp.copernicus.org/articles/12/1737/2012/acp-12-1737-2012.html
https://acp.copernicus.org/articles/12/1737/2012/acp-12-1737-2012.html
https://acp.copernicus.org/articles/12/1737/2012/acp-12-1737-2012.html
https://acp.copernicus.org/articles/12/1737/2012/acp-12-1737-2012.html
https://www.sciencedirect.com/science/article/abs/pii/S1352231020307378
https://www.sciencedirect.com/science/article/abs/pii/S1352231020307378
https://www.sciencedirect.com/science/article/abs/pii/S1352231020307378
https://link.springer.com/article/10.1007/s11069-021-05042-8
https://link.springer.com/article/10.1007/s11069-021-05042-8
https://link.springer.com/article/10.1007/s11069-021-05042-8
https://link.springer.com/article/10.1007/s11069-021-05042-8
https://link.springer.com/article/10.1007/s11069-023-05839-9
https://link.springer.com/article/10.1007/s11069-023-05839-9
https://link.springer.com/article/10.1007/s11069-023-05839-9
https://link.springer.com/article/10.1007/s11069-023-05839-9
https://www.tandfonline.com/doi/full/10.1080/2150704X.2023.2258458
https://www.tandfonline.com/doi/full/10.1080/2150704X.2023.2258458
https://www.tandfonline.com/doi/full/10.1080/2150704X.2023.2258458
https://www.tandfonline.com/doi/full/10.1080/2150704X.2023.2258458

International Journal of Environmental Sciences & Natural Resources

This work is licensed under Creative . . . .
@ @ Commons Attribution 4.0 License Your next submission with Juniper Publishers
DOI: 10.19080/1JESNR.2024.34.556387 will reach you the below assets

e Quality Editorial service
¢ Swift Peer Review
¢ Reprints availability
e E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)
¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

“ How to cite this article: D Venkatesh, A Taori, M Mallikarjun, G Srinivasa R. Investigating the Relationship between Upper Tropospheric NOx Dynamics and
Lightning Events using WRF-Elec Chemistry. Int J Environ Sci Nat Res. 2024; 34(3): 556387. DOI: 10.19080/IJESNR.2024.34.556387


http://dx.doi.org/10.19080/IJESNR.2024.34.556387
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/IJESNR.2024.34.556387

	_Hlk181110011
	_Hlk181110020
	_Hlk181110030
	_Hlk181110040
	_Hlk181110055
	_Hlk181110059
	_Hlk181110076
	_Hlk181110068

