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Abstract—In 2016 a large amount of smoke was dispersed into the
atmosphere from forest fires in the state of Uttarakhand thereby
affecting the air quality in the surrounding regions. The detection of
smoke aerosols has been carried out by using data from Moderate
Resolution Imaging Spectrometer (MODIS) & Ozone Monitoring
Instrument (OMI). The smoke transport has been shown using Hybrid
Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model
from National Oceanic and Atmospheric Administration(NOAA). The
sink area was found out to be mid-Nepal, Tibet and upper parts of
Uttar Pradesh.

1. INTRODUCTION

Forest fires affect the climate, and air quality in and around
the forest areas under study by affecting the aerosol density in
the atmosphere. This paper aims to develop a relation between
forest fire in Uttarakhand and smoke aerosol in the potential
sink regions. Starting from the last week of April to the first
week of May 2016, forest fires took place in numerous places
across the state of Uttarakhand and affected more than 4500
hectares of land [1]. These forest fires in the sub-Himalayan
region, produced thick clouds of smoke in the affected region.
We have used data from Moderate Resolution Imaging
Spectrometer (MODIS) from Terra satellite & Ozone
Monitoring Instrument (OMI) for spatial identification of
smoke aerosol at the fire points identified from MODIS
Fire/Thermal Anomaly Product. National Oceanic and
Atmospheric (NOAA)’s Hybrid Single Particle (HYSPLIT)
forward trajectory model has been used then to show that
smoke aerosol from Uttarakhand has been transported to
Nepal.

2. STUDY AREA

In Uttarakhand forest region accidental and intentional
wildfires is a common phenomenon during dry summer
months every year [1,3]. Figure 2 depicts the area under study
(lat. 28.58° to 31.89° N; long. 77.52° to 80.93° E). Dehradun,
Haridwar, Tehri Garhwal, Garhwal, Almora and Nainital were
the worst hit during the 2016 Uttarakhand fire incident. But

for a wider study of the aerosol distribution after the fire, we
have taken the whole of Uttarakhand as the study area.
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Figure 1: Source Area - Indian State of Uttarakhand

3. DATA SOURCES

The data sources used in this study include MODIS Aerosol,
MODIS Fire, OMI Aerosol. The usages of these datasets in
the study are described in details as follows:

3.1 MODIS Aerosol Level 2 AOD Data

The MODIS Aerosol L2 product retrieves AOD over cloud-
free snowl/ice-free land and ocean surfaces at 10 km
resolution. Data calculated using two different algorithms are
provided over land, known as Deep Blue and Dark Target
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Land [3,10]. Here we have used data from MODIS — Terra
only.

3.2 OMI Aerosol Level 2 Data

The OMI Level 2 Aerosol Product contains georeferenced
aerosol column amount information. It uses multi wavelength
UV-VIS algorithm consisting of 14 different wavelengths in
the range of 331-500 nm to calculate the aerosol optical
thickness and discriminate between various types of aerosols
[4]. OMI Aerosol Level 2 products contain data at 13 x 24
km2 spatial resolution.

3.3 MODIS Thermal Anomalies/Fire Level 2 Data

This product is primarily derived from MODIS 4 & 11 um
radiances. The fire detection strategy is based on absolute
detection of a fire, and on detection relative to its background.
This data is acquired at a spatial resolution of 1 km [5,9]. Here
we have used data from MODIS — Terra only.

In table I we have listed the data availability for various
satellite data sets used in our study in the extended study
period in the source area starting from 22" April 2016 to 5™
May 2016.

4. METHODOLOGY

4.1 Studying the source area — Uttarakhand

4.1.1 MODIS AOD against MODIS Fire/Thermal Anomalies.
We have first identified the areas affected by forest fire using
Level 2 MODIS Fire/Thermal Anomaly where the confidence
flag is greater than 50 and then we have plotted AOD
calculated using Deep Blue algorithm over the study area
[9,10]. In Figure 2 the result has been plotted over the study
area using data from MODIS — Terra. The variation in spatial
mean for the data from MODIS - Terra for the period starting
from 22" April to 5" May has been graphically represented in
Figure 2.

Table 1: Data Availability

MODIS
MODIS Fire/Thermal | OMI Aerosol
Dates Aerosol .
Level 2 Anomalies Level 2
Level 2
22/04/2016 Yes Yes Yes
23/04/2016 Yes Yes No
24/04/2016 No No No
25/04/2016 Yes Yes No
26/04/2016 Yes Yes Yes
27/04/2016 Yes Yes No
28/04/2016 Yes Yes Yes
29/04/2016 No No Yes
30/04/2016 Yes Yes No
01/05/2016 Yes Yes No
02/05/2016 Yes Yes No
03/05/2016 Yes Yes Yes
04/05/2016 Yes Yes No

MODIS
MODIS .
Fire/Thermal | OMI Aerosol
Dates Aerosol .
Anomalies Level 2
Level 2
Level 2
05/05/2016 Yes Yes Yes

4.1.2 OMI Al against MODIS Fire/Thermal Anomalies. We
have identified the areas affected by forest fire using Level 2
MODIS Fire/Thermal Anomaly and plotted the fire points
accordingly [9]. Then we have plotted Al taken by the UV
spectrum from OMI over the study area [11]. In Figure 3. the
derived result has been plotted over the state of Uttarakhand.
The variation in spatial mean of Al at the source starting from
22" April 2016 to 5™ May 2016 has been shown graphically
in Figure 3.

4.2 Using NOAA’s HYSPLIT model to find the potential
sink areas

The forward air mass trajectory analysis HYSPLIT model
reveals the potential sink of aerosols transported from the fire
source [7,8]. The HYSPLIT model of Air Resources
Laboratory(ARL), NOAA, is a complete system for
computing sample air parcel trajectories to complex dispersion
and  deposition  simulations. The model requires
meteorological REANALYSIS files available online.
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Figure 2: MODIS - Terra AOD against MODIS Fire/Thermal
anomalies
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Figure 3: OMI Al-UV against MODIS Fire/Thermal Anomalies

at Source Area (Indian State of Uttarakhand)

Source » at 29.82N 79.29E

Meters AGL

Source » at 30.32N 78.03E

Meters AGL

N‘GO

00
0500! 051'02 USu’UB nsm 05/05

(a) Almora

84

041'29

umo

00 00
0501 090c 0303 030

(b) Dehradun

ISBN: 978-93-85822-67-4



Soubhik Biswas, Manu Mehta and Arka Ghosh

Source » at 29.89N 78.02E

Meters AGL

Source » at 29.38N 7946 E

Meters AGL

/\_//\-/ AN '/I 1000
500 J * 500
00 00 '

00 00 00 00 00
04/29  04/30 0501 05/02 0503 05004 05005

(c) Haridwar

26

1500
/‘/ /_\j . /L i
500 * * * 500

oo 00

00 oo 00 00 00
D4/29 04/30 05/01 05/02 0503 05/04 05/05

(d) Nainital

Source » at 29.87 N 78.84E

Meters AGL

Source » at 30.30N 78.57E

Meters AGL

1500
//./"*/\ s /L 1o
500 g * 500

00 00 00 00 00 00 00
04/29 04/30 05/01 05/02 0503 05/04 05/05

(e) Pauri Garhwal

1500
— 1000
/—//-/ /\ /\7
500 \. * % 500

00 00 00 00 00 00 00
04/20  04/30 0501 0502 0503 05004 0505

(f) Tehri Garhwal

Figure 4. NOAA HYSPLIT forward trajectories for 28" April

2016 showing air transport from source to sink
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Almora, Dehradun, Haridwar, Nainital, Garhwal, & Tehri
Garhwal has been taken as the source points for the air
trajectory model. As we have already discussed that these
regions were the worst hit by the fire incident. Figure 4,
depicts the forward air mass trajectories derived at 500 m
AGL for 28th April to 4th May using the HYSPLIT model [6].
28th April has been considered to be the starting date for the
HYSPLIT model, as from Figure 4 the fire we can say it was
most intense on 28th April 2016 from density of MODIS fire
points. Three altitude level, 1500 m 1000 m & 500 m AGL
has been considered at the sink site. From the results of
NOAA’s HYSPLIT forward trajectories model as shown in
Figure 6, we have considered a rough sink area from 27° N to
32° N & 82° E to 86° E, consisting Nepal, parts of Tibet,
Indian states of Uttar Pradesh & Bihar as shown in Figure 5
can be taken as the potential sink regions.
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Figure 5: Sink Area - Nepal and Tibet

5. CONCLUSION

Forest-fire in Uttarakhand occurred during the early summer
of 2016. The forest-fire smoke was transported in the
atmosphere in two major routes of northeastern and eastern
directions. The forest-fire smoke might have a potential
impact on the atmospheres of the neighboring Indian
provinces and even in the neighboring countries. The potential
sink areas of the smoke generated from the forest-fires were
mainly scattered over, North of Indian province of Uttar
Pradesh, southern parts of Tibet, and Northern parts of Nepal.
This study does not exclude any other source for these
aerosols near the potential sink regions. Study of vertical
aerosol profile are yet to be explored to ascertain the smoke
plume height during the fire incident and vertical aerosol
properties. Future works are required to establish annual

atmospheric and climatic change in the potential sink areas
due to the forest fires, as this is quite a regular phenomenon.

6. ACKNOWLEDGEMENTS

We are most grateful to MODIS team and OMI team for
providing us access to MODIS — Aerosol, MODIS - Fire and
OMLI. In particular we are indebted to National Oceanic
Atmospheric  Administration (NOAA)’s Air Resources
Laboratory (ARL), for providing access to Hybrid Single
Particle Lagrangian Integrated Trajectory (HYSPLIT) model
for forward and backward air-mass trajectories. Thanks, are
also due to the Director, 1IRS, Dehradun for his constant
support and encouragement.

REFERENCES

[1] Dobriyal, Manmohan & Bijalwan, Arvind. (2017). Forest fire in
western Himalayas of India: A Review. New York Science
Journal. 10. pp. 39-46.

[2] Bhandari, B.S.; Mehta, J.P.; Semwal, R.L. (2012). "Forest Fire
in Uttarakhand Himalaya : An Overview". [Glimpses of Forestry
Research in the Indian Himalayan Region. G.B. Pant Institute of
Himalayan Environment and Development. p. 167-175].

[3]1 R. C. Levy, S. Mattoo, L. A. Munchak, L. A. Remer, A. M.
Sayer, F. Patadia, and N. C. Hsu, “The Collection 6 MODIS
aerosol products over land and ocean”. Atmos. Meas. Tech., 6,
2989-3034, 2013.

[4] Ozone Monitoring Instrument (OMI) Data User’s Guide, 5th ed.,
OMI Team, 2012, pp. 2-4.

[5] MODIS Collection 6 Active Fire Product User’s Guide,
University of Maryland, Department of Geographical Sciences,
MD, 2015.

[6] Draxler, R. and Rolph, G.: HYSPLIT (HYbrid Single-Particle
Lagrangian Integrated Trajectory) Model access via NOAA ARL
READY, NOAA Air Resources Laboratory, Silver Spring, MD,
2003.

[7]1 Raman Solanki, Narendra Singh, P Pant,U C Dumka, Y Bhavani
Kumar, A K Srivastava, Sanjay Bist and H C Chandola. (2013,
Oct.). Detection of long range transport of aerosols with
elevated layers over high altitudestation in the Central
Himalayas: A case study on 22 and 24 March 2012 at AIRES,
Nainital. Indian Journal of Radio & Space Physics. 42(5), pp.
332-339.

[8] Shuping Zhal, Shuangin Zhang, Tiantao Cheng, Jianmin Chen,
Guanghan Huang,Xiang Li, Quanfang Wang. (2013).
Agricultural Fires and Their Potential Impacts on Regional Air
Quality over China. Aerosol and Air Quality Research. 13, pp.
992-1001.

[9] Giglio, L., Justice, C. (2015). MOD14 MODIS/Terra Thermal
Anomalies/Fire 5-Min L2 Swath 1km V006 [Data set]. NASA
EOSDIS LP DAAC. doi: 10.5067/MODIS/MOD14.006

[10] Levy, R., Hsu, C. (2015). MODIS Atmosphere L2 Aerosol
Product. NASA MODIS Adaptive Processing System, Goddard
Space Flight Center, USA:
http://dx.doi.org/10.5067/MODIS/MODO04_L2.006

[11] Deborah Stein-Zweers, and Pepijn Veefkind(2012), OMI/Aura
Multi-wavelength Aerosol Optical Depth and Single Scattering
Albedo 1-orbit L2 Swath 13x24 km V003, NASA Goddard
Space Flight Center, Goddard Earth Sciences Data and
Information Services Center (GES DISC), Accessed [03 17
2018] 10.5067/Aura/OMI/DATA2001

ISBN: 978-93-85822-67-4



