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Abstract

Forest fires are influenced by changing climatic conditions. The changing climate and
its impact on fire frequencies have led to increased interest within the research
community in investigating climate-fire interactions at both global and regional scales.
India experiences a large number of forest fires. This thesis presents a detailed
analysis of the forest fire patterns across India, the influence of meteorological
conditions, and the projected impact of climate change on fire weather regimes by the
end-century over forests in India. For this study, Indian forests were classified into five
zones: Himalayan, Northeast, Central India, Deccan, and Western Ghat. This
classification was based on the climate and forest types of these zones. A
comprehensive analysis of MODIS active fire data from 2003 to 2021 shows spatial
heterogeneity in fire activity across India’s forest zones. The highest fire occurrence is
observed in the Northeast (NE) zone, with concentrations up to 250 fires per year in
some of the 25km grids. Temporal analysis reveals a clear seasonality, with fires

occurring mainly in the pre-monsoon months with high temperatures and low humidity.

Next, the Canadian Forest Fire Danger Rating System Fire Weather Index (CFFDRS-
FWI) system was evaluated under Indian climatic conditions. It was found that with a
spin-up period of about 365 days, the algorithm produced stable values of FWI over
the Indian forest zones. Further analysis shows that high FWI is an essential
requirement for fire occurrence. This makes FWI a good metric for estimating fire
danger. After this, a Fire Danger Rating System (FDRS) was developed and tailored
to each forest zone. This FDRS was based on the simulated FWI from the CFFDRS,

ERAS reanalysis data as meteorological input to CFFDRS and MODIS active fire



observations from 2003 to 2021 for validation. An ensemble of methods using logistic
regression, FWI percentiles, fire occurrence percentages, and k-means clustering was
employed to classify FWI values into five fire danger categories. Machine learning
techniques were introduced to reduce the subjective decisions in these methods. This

increased the efficiency of the FDRS to detect fire probability by 30-50%.

To drive this CFFDRS and compute baseline and future FWI, a high-resolution
dynamically downscaled climate projection DSCESM was used for a baseline (2006-
2015) and an end-century (2091-2100) period. DSCESM dataset is a 10-km gridded
hydrometeorological dataset over India developed by dynamic downscaling of the
bias-corrected Community Earth System Model (CESMv1) climate projections under
RCP8.5 scenario using the state-of-the-art Weather Research and Forecasting (WRF)
model. It is archived in the World Data Center for Climate (WDCC) portal at three
temporal resolutions (daily, monthly, and monthly climatology) for current (2006—
2015), mid-century (2041-2050) and end-century (2091-2100) periods. All the
DSCESM variables were extensively evaluated against reanalysis data and station
observations for the period 2006—2015. Variables such as 2-m air temperature, total
accumulated precipitation, wind speed, and relative humidity were used as input for

the CFFDRS algorithm.

To assess the impact of climate change on the Fire Weather Index (FWI) across Indian
forest zones, this study compared various aspects of baseline and future FWI, fire
weather danger, Seasonal Severity Ratings (SSR), and seasonal characteristics of fire
danger. Results indicated substantial variability in both baseline and projected fire

weather danger across different zones and within forest zones. Climate change is
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anticipated to significantly impact fire weather, with days exceeding the Very High FWI
threshold projected to increase by 30-40 days by the end of the century, despite only
a 5% rise in annual FWI values. In dry forests, severe fire weather days could increase
by up to 60% by the century’s end due to rising temperatures. In contrast, humid
forests may experience a reduction of up to 40% in severe fire weather days, attributed
to an expected increase in precipitation by the century’s end. The fire season is also
expected to extend by 3—61 days throughout India. SSR analysis suggests a peak in
fire disturbances during the pre-monsoon months (March—April-May), affecting about
55% of India’s forest area, while the post-monsoon season (September—October—
November) is likely to show minimal impact. Forests at highest risk of fire disturbances
by century’s end include moist deciduous and evergreen forests in the northern
Western Ghats (WG), mixed dry deciduous forests in central and southern Central
India (CEN), Pine and Sal forests in the Himalayas (HIM), and scrub forests in the

Deccan (DEC) zone.

This research represents one of the first efforts to quantify climate change effects on
forest fire hazards in India. The high-resolution analysis shows intricate patterns of the
relationship between weather variables and fire occurrences, which are different from
those suggested by coarser-resolution global studies. This study counters the
conventional view that fire regimes will intensify homogenously with rising
temperatures. Precipitation and humidity are likely to moderate the impact of
temperature increases under changing climate, particularly in humid zones. Such
findings highlight the importance of considering changes in monsoon dynamics
alongside temperature changes for fire-climate interaction studies. This study also has
significant policy implications and can be valuable in targeted efforts towards regional

fire hazards under evolving climate conditions.
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RIS
gIRrar aRkafda g Serary uRkfRufadt & gwifad gt 81 Siaarg uRad= adT $9& HRUT 3T i
3gf 7 81 X8 seard! 3 3w Ud &5 TR W SINI-Siearg 3id:foranell & srerme o iy THe™
I 9eTE 81 YRA B ufaay 98t Wen # g ufed gt 81 I8 XY Uey HRd § a1 ugfudt,
T uRkfRufadt & gura, JuT Hidwr § Siaarg alkadd & RO T & AW TR SHTd JHTa 6
fO=eTOT TRgd T & | 39 310 B YR Gl &1 31 SIaid Ud G BRI & YR TR UTd & —
fewTer, SWR-gd, A7 YRd, g auT Ui g1 — o avifed fovar T gl

2003 ¥ 2021 AP & MODIS Hichd 3 ST BT fARATUT HRA & I &A1 H 1T Bl RTfAeh fawwa ol
gxifar 3| affere 3 gemt IR-ud (NE) &85 & UrE 13, STal 5o 25-fh frs o ufaad 250 a@ om
B! IS gof g3 | BIATIhIHD A=Ayl & gd AR HeH § 3o diIdM Td BH TSl & 1 S
o1 At ggft Wy 9 ¥ uRaféd gt 3|

AT TRUT H, Canadian Forest Fire Danger Rating System Fire Weather Index (CFFDRS-FWI)
YUITe! T HRATY GRIRferl # uRiaro fasar 1| arar 74 fos eRTHT 365 i & -390 S1et o 91,
Ig TR YR a4 &3  fRR FWI T UGH &3l g1 3= FWI A BT 3T ST geisit & fag
3ffrard uran T, I g8 FWI Y 3T & TR & HTH T 1 Jugdd Yobdd -1l & | $TP U,

CFFDRS RIeics FWI, ERA5 JH:[dRaUT STT dyT MODIS 31T U&fUT (2003-2021) TR STHTR,
A% 99 &7 & 3FY U Fire Danger Rating System (FDRS) fa&Rid favam mam| diferiRees UM,
FWI TRECTSd, 37T 1 geT UfiRId Td k-means TR AT Sl dab-1a| o Saler ¥ FWI 1 did Sfor
T aeffepd fopan mam| w=fA @ dd-ie! o JMihe o 31 fafial & safdaures fofal & wd foear m,
ORI FDRS &1 YiasTaTult &ar H 30-50% b R §3MT| $ WUl ®I I 94T Iad Td Hias
DI FWI &1 0T & T I-ReAlegRMH, ST SISwbes Sddrg Y&UU DSCESM $T SUdI
foram | g Set ¥e 10-fott IS SR # CESMv1 JTdarg UaYul & RCP8.5 IRERT & 3iavd

WRF ATISd §RT S8 %6 d & faeyd {1 a1 8 | U8 World Data Center for Climate (WDCC) TIcd
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R &, A1 9uT AT SiRId TR IR IdHM (2006-2015), HE-T (2041-2050) T RdTed]-3id
(2091-2100) BTG S] & foTT IUAR §1 2006—2015 BT 3@ H DSCESM TRHF! BT J:fA=ATOT T
U&fuT STl & 91y 7T+ URiefur fovan |

3 &Ff § Saarg IRads & FWI TR THTG T SHTeha $HR- 8 SMYRYd Td Ufass Fwi, 3T Jrd
MR, Seasonal Severity Ratings (SSR), 94T 3T HIIH & HIGH Tl @1 a1 o1 Ts | giRormdl
T WY BId1 8 fob STeRT-SferT &1 Td o &l & HiaR ST HieH Wok o ATt 3iaR | Xdlsdl-3id a1,
3 I FWI aTel faf 1 Tiem & 3040 faA 1 gf g Tifad §, Safes aiffies Fwi & 7 5% &1 3fS
IHIAT B 1 Y a1 |, g 31T Jd arel i1 # arae gfa & SR 60% d% Jia 8l gt |
T 3R, 31 a1 H 9N gfg & BRI 40% TP B HH GHT §1 T HRA H 31T &1 79 3-61 oA
% ¢ bl g | SSR fazawur § yd-Arga HelH! (W - 3 Hs) H Taifdds (~55%) - & guifad
BH BT YT ], STafP STR-AFY (RidaR - 3fageR - FdeR) & UHIT JAaH BT | Fafferes shiaw arer
q &1 TclTed]-3id b I Uit =1e & A uderst ud HeTasR o, 7ed Ud cféoft Heg wd & fAfdid
[ Ydre! o, feHTerd & =S Ud 1 9 aul gadh & &hd o gl 9dbd g |

g LI YRA H G SR TR SAarg URad o YU &1 ARTES 3MHa HR- BT Tl TN
21 FE-Rellege fazayur 3 ug Wy g3t i dywiig wRe! Td 311 &t gersi & o9 ey affye wR
R U Fps! § fd 8| 98 31eag- URURS YROT &1 We Hrdl § fob dTaqH g & A1 31T i
YA T T J 9T | 3T Ud auf araem g & uHTa &1 faRives omgt &t o Tgferd R Tebdl
€1 T8 uRomy A vafal & uRkadHl & I & 9 ) faR A B SHIaRadsdl &l
Ygiferd e g1 g8 Ay Afa Fafor § f Iudntt 81 Yol 8 U9 &5 TR W M & Rl & FaeT
¥ Heaqyf foren-Fe e Y ThaT 7
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