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SPI-based assessment of precipitation whiplash and its relationship with winter
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ABSTRACT

Precipitation whiplash, defined as a rapid transition between anomalously wet and anomalously dry conditions, has emerged
as an important hydroclimatic extreme under climate change, with potential implications for wildfire activity. Although previous
studies have linked precipitation whiplash to wildfire regimes in arid and semi-arid regions, its occurrence and impacts in
monsoon-dominated East Asia remain poorly understood. This study investigated the occurrence of precipitation whiplash across
South Korea and examined its relationship with interannual variability in winter wildfire damage. Using a high-resolution (500
m) daily precipitation dataset derived from multi-source observational data provided by the Korea Meteorological
Administration, Standardised Precipitation Index (SPI) values were calculated at one-month (SPI1) and three-month (SPI3)
timescales. Precipitation whiplash events were identified using SPI-based thresholds, including moderate (+/-1) and extreme
(+/-1.6) definitions. In addition, a persistence-weighted whiplash intensity metric was developed to integrate anomaly magnitude
and temporal reinforcement. National wildfire-damaged area from January to March during 2001 - 2016 was used to assess
climate - fire relationships. The results showed that precipitation whiplash occurred recurrently across South Korea, with
substantial interannual variability in both spatial extent and intensity. Pearson correlation analysis revealed positive associations
between winter wildfire-damaged area and whiplash indicators, with the strongest relationship observed for the spatial extent
of extreme short-term whiplash (SPI1-Whiplashl.6; r = 0.806). Moderate positive correlations were also found for
SPI1-Whiplashl, SPI3-Whiplashl, and national mean persistence-weighted whiplash intensity. These findings indicate that
extreme, spatially extensive wet-to-dry transitions are closely linked to increased winter wildfire damage in South Korea,
highlighting precipitation whiplash as a relevant climate-based indicator for wildfire risk assessment in monsoon-influenced

regions.

Key words: Hydroclimatic Extremes, Climate Variability, Climate-Fire Interaction, Wildfire Risk Assessment, Climate
Change Impacts

1. Introduction consecutive seasons (Swain et al, 2018). Previous

research defined whiplash as an abrupt hydroclimatic shift

Precipitation whiplash refers to the rapid transition driven by anomalies in atmospheric circulation and
between extremely wet and extreme dry conditions moisture transport patterns (Swain et al., 2025), indicating
occurring within short time periods, typically between its close link to climate variability and extreme weather
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events. A growing body of evidence shows that
precipitation whiplash events are becoming more frequent
and intense under anthropogenic climate change as global
warming amplified hydroclimatic instability (Loecke et
al., 2017; Luo et al., 2025; Puxley and Martin, 2025; Tan
et al.,, 2023). Such rapid fluctuations-from anomalously
wet summers to anomalously dry winters-pose significant
challenges to flood management, agricultural planning,
and wildfire management (Liu and Basso, 2020; Puxley et
al., 2024; Tan et al., 2023).

Importantly, recent studies highlight that precipitation
whiplash can influence wildfire regimes. Swain et al.
(2025) have

whiplash-driven fuel accumulation during wet periods and

reported associations between
heightened fire susceptibility during subsequent droughts,
suggesting that extreme seasonal reversals may intensify
wildfire frequency and severity.

Despite growing international attention, whiplash
behaviour in South Korea remains under-explored. South
Korea exhibits a strong monsoonal climate, where sharp
wet-dry transitions may significantly alter vegetation
moisture, fuel dynamics, and ultimately wildfire risk.
However, few studies have assessed long-term
precipitation whiplash patterns in this region or examined
their relationship with wildfire damage.

Therefore, this study investigates whether precipitation
whiplash occurred across South Korea over the last two
decades using high-resolution grid precipitation data.
Furthermore, the study evaluates whether inter-annual
whiplash variability is associated with the extent of winter
wildfire damage. By integrating climate indices and
disaster statistics, this research provides new empirical
evidence on climate-driven wildfire vulnerability in
monsoon-dominated landscapes. The findings aim to
contribute to the limited literature on hydroclimatic
extremes in East Asia while informing wildfire risk

management.
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2. Material and methods

2.1. Material

This study utilised daily precipitation data from the
Korea Meterological Administration (KMA). The dataset
consists of daily accumulated precipitation with a spatial
resolution of 500 m, covering the entire land area of
South Korea. The fine spatial resolution allows for
detailed identification of localised hydroclimatic extremes
and supports grid-based detection of precipitation
whiplash events. Using this dataset, the calendar month
Standardised Precipitation Index (SPI) was calculated.

Second, statistical records of wildfire-damaged area
were obtained from Korean Statistical Information Service
(KOSIS). The dataset includes monthly burned area for
January-March from 2001 to 2016, corresponding to the

dry and wildfire-prone season in South Korea.

2.2. Methods

2.2.1. Standardised precipitation index (SPI)

The Standardised Precipitation Index (SPI) is a widely
used statistical indicator designed to quantify precipitation
anomalies across multiple temporal scales. SPI expresses
deviations of observed precipitation from the long-term
climatological mean in units of standard deviation,
allowing wet and dry conditions to be compared
consistently across different regions and climates (McKee
et al., 1993; Naresh Kumar et al., 2009). According to
Mullens and Engstrom (2025), SPI is one of the most
used precipitation indices for identifying precipitation
whiplash.

Daily precipitation values were aggregated into
monthly totals for each 500 m grid cell. Using these
monthly precipitation series, the SPI was calculated for
each months. In this research, two SPI timescales were
considered to capture precipitation anomalies operating at
different temporal scales. SPI at a one-month timescale
(SPI1) was wused to represent short-term moisture
variability, which is closely related to rapid changes in

surface soil moisture and immediate vegetation growth
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conditions (Hua et al, 2019). In addition, SPI at a
(SPI3) was

characterise seasonal-scale precipitation anomalies, which

three-month  timescale employed to
is an adequate indicator for monsoon regions (WMO,
2012).

SPI values were calculated by fitting a gamma
distribution to long-term precipitation records for each
grid cell and subsequently transforming the cumulative
probability to a standard normal distribution with a mean
of zero and unit variance. This standardisation allows
precipitation anomalies to be compared consistently across

time and space (Martinez-Villalobos and Neelin, 2019).

2.2.2. ldentification of precipitation whiplash
events

Precipitation whiplash was defined as an abrupt
transition from anomalously wet summer conditions in
year prior to anomalously dry winter conditions in the
Whiplash detected
independently for each 500 m grid cell using SPI-based

subsequent  year. events were
thresholds designed to capture rapid seasonal reversals in
precipitation extremes.

A first, moderate-intensity definition (SPI1-Whiplashl)
was based on SPIl. Under this criterion, a grid cell was
classified as experiencing precipitation whiplash when at
least one month during the summer (June to August) of
year n exhibited SPI1 = +1, followed by at least one
month during the winter (January to March) of year n+1/
with SPI1 < -1. These thresholds are consistent with
standard definitions for meteorological drought and
pluvial conditions (He and Sheffield, 2020). To examine
more extreme hydroclimatic transitions, a stricter
definition (SPI1-Whiplash1.6) was also considered, raising
the SPI1 thresholds for summer and winter anomalies to
+1.6, respectively. This threshold aligns with the
classification for ‘extreme drought’ utilised by the U.S.
Drought Monitor and has been adopted in a recent study
to identify rapid seasonal reversals in precipitation
extremes (Chen and Ford, 2023).

In addition to monthly anomalies, precipitation
whiplash was evaluated at the seasonal scale using SPI3.

In this case (SPI3-Whiplashl), whiplash events were

identified when the summer SPI3 in year n exceeded +1
and the winter SPI3 in year n+/ fell below -1, thereby
capturing sustained seasonal moisture anomalies that may

not be evident at shorter timescales.

2.2.3. Persistence—weighted whiplash intensity

To better capture the severity of precipitation whiplash
beyond instantaneous anomaly contrasts, this study
developed a persistence-weighted whiplash intensity
metric that integrates both anomaly magnitude and
temporal persistence (Eq. 1). This approach is
conceptually motivated by previous study of Tan et al.
(2023) emphasising that the impacts of hydroclimatic
extremes depend not only on the magnitude of wet-dry

contrasts but also on how persistently such transitions

occur.
N, et summer +N, rywinter
W;:( wet S . dry t )X (l)
|maX(SP]1i,snmmer) 7min(SP[1i,u!inter) |
Building upon  SPIl-based whiplash detection,

persistence was quantified by summing the number of
summer months (June to August) in year n with SPI1
values exceeding +1 and the number of winter months
(January to March) in year n+/ with SPI1 values below
-1. This sum was then normalised by the total number of
months (six months), representing the maximum possible
duration of anomalous conditions across the wet-to-dry
transition period. This normalisation transforms the
persistence term into a dimensionless ratio (ranging from
0 to 1), allowing for direct comparison of relative
temporal persistence across grid cells and years. A value
close to 1 indicates that wet and dry anomalies were
sustained throughout most of the transition period,
whereas lower values represent more intermittent or
short-lived anomalies. Thus, the persistence term reflects
the relative duration of anomaly conditions rather than
their absolute length, ensuring that the metric captures the
degree of temporal reinforcement independent of the fixed
seasonal window. Rather than treating whiplash as a

binary event, this formulation allows stronger weight to

http://www.jccr.re.kr
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Fig. 1. Flowchart describing the process of this study. See text for details

be assigned to grid cells experiencing more sustained
anomalies.

To incorporate anomaly magnitude, the persistence
weight was multiplied by the SPII range, defined as the
absolute difference between the maximum SPI1 value of
wet period and minimum SPI1 value of dry period. This

formulation ensures that the whiplash intensity increases
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only when both strong anomaly contrast and sustained
duration co-occur, thereby capturing the compound nature

of hydroclimatic transitions.

2.2.4. Derivation of annual whiplash indicators

Annual precipitation whiplash indicators were derived

to quantify interannual variability in both the spatial
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extent and intensity of precipitation whiplash across South
Korea. For each year, the spatial extent of whiplash was
represented by the total area of grid cells identified as
experiencing precipitation whiplash under each SPI-based
detection SPI1-Whiplashl,
SPI1-Whiplash1.6, and SPI3-Whiplashl. This measure
reflects the proportion of the land area affected by rapid

scheme, including

wet-to-dry transitions in a given year.

In addition to spatial extent, overall whiplash severity
was characterised using the mean persistence-weighted
whiplash intensity. This indicator was calculated by
averaging grid level persistence-weighted whiplash
intensity scores across all land grid cells in South Korea
for each year. By integrating information on both the
magnitude and temporal reinforcement of precipitation
anomalies, this metric provides a national scale

representation of precipitation whiplash intensity.

2.2.5. Statistical analysis

To examine the relationship between precipitation
whiplash and wildfire impacts, Pearson correlation
analysis was performed between precipitation whiplash

indicators and winter wildfire-damaged area, defined as

the total burned area during the January to March period.
This period also overlaps to the wildfire occurring season
in South Korea.

Pearson correlation analysis was employed to quantify
the strength and direction of relationships between
interannual variability in precipitation whiplash indicators
and winter wildfire-damaged area. This method evaluated
the degree to which two continuous variables co-vary
over time, providing a straightforward measure of
association between climate-driven hydroclimatic extremes

and wildfire impacts.

3. Results

3.1. Temporal characteristics of SPl-based
precipitation anomalies

The calculation of SPIl and SPI3 revealed substantial
interannual variability in precipitation conditions across
South Korea during the study period (Fig. 2, Fig. 3). Fig.
2 and Fig. 3 present spatial distributions for selected years
(2001, 2002, 2004, and 2011), which were identified as
years with consistently large whiplash-affected areas

across multiple whiplash definitions. In contrast, SPI3 is
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Fig. 3. Spatial distribution of SPI3 for winter three months (2001, 2002, 2004, 2011)
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more suitable for representing seasonal-scale precipitation
conditions, as it integrates short-term variability and
emphasises sustained moisture anomalies during the
summer monsoon period (June to August) and the winter

dry season (January to March)
3.2. Detection of precipitation whiplash events

SPI-based whiplash detection confirmed that wet-to-dry
precipitation whiplash events occurred repeatedly across
South Korea. Under the SPI1-Whiplashl definition,

whiplash events were detected in multiple years,
indicating that moderate wet-to-dry transitions are
relat.ively common at the monthly scale (Fig. 4). The
stricter SPI1-Whiplash1.6 criterion identified fewer events,
reflecting the lower frequency of extreme whiplash
transitions but highlighting years characterised by
particularly strong precipitation contrasts (Fig. 5).
SPI3-Whiplashl detection further demonstrated that
seasonal-scale whiplash events also occurred (Fig. 6),
although with different temporal patterns compared to
SPI1-based detections. These

results suggest that

Fig. 4. Spatial distribution of detected SPI1-Whiplash1 event during the transition from summer to winter

(2001, 2002, 2004, 2011)

SPI1-Whiplash1 6
2000 summerto

SPI1-Whiplash1 6
2001 summerto

Fig. 5. Spatial distribution of detected SPI1-Whiplash1.6 event during the transition from summer to winter

(2001, 2002, 2004, 2011)

SPI3-Whiplash1
2003summerto
200,

R R i vihpiasn
Deteced - Pt Detecied

SPI3-Whiplash1
2010summerto
2011 winter

Fig. 6. Spatial distribution of detected SPI3-Whiplash1 event during the transition from summer to winter

(2001, 2002, 2004, 2011)
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precipitation whiplash manifests at both short-term and

seasonal timescales.
3.3. Spatial extent of whiplash—affected areas

The spatial extent of precipitation whiplash exhibited
pronounced interannual variability across South Korea
during the 2001-2016 period when referenced to the
winter season of year n+/ (Table 1). Under the
SPI1-Whiplashl definition, the whiplash-affected area
ranged widely form relatively limited extents (e.g.,
1,884 km?)

coverage exceeding 36,000 km®. Several years were

approximately to years with extensive
characterised by particularly large whiplash-affected areas,
indicating that moderate short-term wet-to-dry transitions
can occur over substantial portions of the national
territory.

In contrast, the SPI1-Whiplashl.6 definition, which
captures more extreme precipitation whiplash events,
identified markedly smaller affected areas overall. For
most years, the spatial extent of extreme whiplash
remained below 1,000km’, and in several years no grid
cells satisfied the extreme threshold. However, specific
years showed pronounced expansions in affected area,
with values exceeding 3,000—7,000 km?. These episodic
increases suggest that although extreme precipitation
whiplash events are less frequent, they can still manifest
over spatially extensive regions under favourable climatic
conditions.

Seasonal-scale ~ whiplash ~ detected  using  the
SPI3-Whiplash1 definition exhibited a different spatial
pattern. The whiplash-affected area varied from near-zero
values in some years to maxima exceeding 10,000 km®.
Compared to SPIl-based detections, the SPI3-Whiplashl
definition detected a relatively smaller area. This indicates
that intra-seasonal variations might have cancelled each
other out, leading to more moderate SPI3 values.

The ranking of years with the largest whiplash-affected
differs depending on the SPI timescale and
threshold applied. For SPIl1-Whiplashl, the five years
with the greatest affected areas were 2004, 2002, 2001,
2012, and 2011. Under the stricter SPI1-Whiplashl.6

arcas

Table 1. Area affected by precipitation whiplash

YVear SPI1-Whiplashl [SPI1-Whiplash1.6| SPI3-Whiplashl
(km’) (km’) (km’)
2001 36,999.25 3,025.00 613.00
2002 46,024.75 2,845.25 103.00
2003 1,884.00 0.00 2,165.00
2004 56,132.50 7,476.00 31,145.00
2005 20,761.25 940.25 1,124.00
2006 26,051.25 245.25 654.00
2007 24,092.25 826.25 809.00
2008 3,943.25 3.25 1,472.00
2009 3,335.00 0.00 4.00
2010 5,239.25 80.25 87.00
2011 35,000.50 4,299.50 2,346.00
2012 36,871.50 2,468.75 10,561.00
2013 1,849.00 0.00 0.00
2014 19,202.50 914.75 9,331.00
2015 16,867.25 3,684.00 3,112.00
2016 4,569.75 0.00 0.00

definition, the top five years were 2004, 2011, 2015,
2001, and 2002, suggesting that extreme monthly-scale
whiplash events occurred most prominently in a partially
overlapping but distinct set of years. In contrast,
SPI3-Whiplashl identified 2004, 2012, 2014, 2015, and
2003 as the years with the largest affected areas,
reflecting the influence of sustained seasonal percipitation
anomalies. Notably, while 2004 consistently appears
across all definitions, other years vary depending on the
temporal scale and threshold, highlighting that different
aspects of hydroclimatic variability are captured by each
whiplash indicator.

Taken together, these results demonstrate that the
spatial footprint of precipitation whiplash in South Korea
depends strongly on both the anomaly threshold and the
While  SPI1-Whiplashl

captures widespread but moderate wet-to-dry transitions,

temporal scale considered.
SPI1-Whiplash1.6 isolates rarer yet potentially more
impactful extreme events with limited coverage compared
to SPI1-Whiplshl. In contrast, SPI3-Whiplashl reflects
seasonal-scale precipitation conditions, which leads to
differences in whiplash detection patterns compared to

SPI1-based results. Because SPI3 integrates precipitation

http://www.jccr.re.kr
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Fig. 7. Spatial distribution of persistence—weighted whiplash intensity during the transition from summer to

winter (2001, 2002, 2004, 2011)

anomalies over a three-month period, short-term wet or
dry anomalies may be smoothed out, resulting in some
grid cells where whiplash is not detected despite being
identified under SPIl1-based criteria. Conversely, in cases
where wet or dry conditions persist throughout an entire
season, SPI3 can identify whiplash events in grid cells
that were not detected under SPII, as the seasonal signal
becomes sufficiently strong. These differences indicate
that SPI3-based detection is more sensitive to sustained
SPIl-based detection

captures more transient, short-term variability.

seasonal conditions, whereas

3.4. Persistence—weighted whiplash intensity

The  persistence-weighted  precipitation  whiplash
intensity exhibited substantial interannual variability
across South Korea during the 20012016 period (Fig. 7).
This metric was designed to integrate both the magnitude
of wet-to-dry precipitation contrasts and the temporal
reinforcement of anomalies, thereby capturing the severity
of precipitation whiplash beyond simple occurrence or
spatial extent.

To represent national-scale exposure, the
persistence-weighted whiplash intensity was averaged
across all land grid cells of South Korea border, assigning
a value of zero to cells without detected whiplash event.
This spatially comprehensive averaging approach reflects
the combined influence of anomaly magnitude, temporal
persistence, and spatial coverage. This formulation
emphasises that national-scale whiplash intensity is
governed by the integrated effects of anomaly strength

and affected area proportion, making it particularly

Journal of Climate Change Research 2026, Vol. 17, No. 3

suitable for evaluating large-scale ecological and wildfire

response.

3.5. Relationship between precipitation whiplash
and wildfire damage

3.5.1. Burned area and SPl-based whiplash-
affected area

The results of whiplash affected areas and correlation
analysis are illustrated schematically in Fig. 8. Pearson
correlation analysis indicates that winter wildfire-damaged
area exhibits consistent positive associations with the
areal extent of precipitation whiplash, although the
strength of association varies by SPI timescale and
anomaly threshold. Using whiplash-affected area (km?) as
the predictor, the correlation with January to March
wildfire damage is and moderate for
SPI1-Whiplashl (r = 0.599) and SPI3-Whiplashl (r =

0.579). In contrast, the strict extreme-threshold definition

positive

SPI1-Whiplash1.6 shows a strong positive association
with wildfire-damaged area (r = 0.806). These results
demonstrate that years with larger spatial footprints of
short-term wet-to-dry extreme whiplash tend to coincide
with larger winter burned areas.

The  similar  magnitudes of  correlation for
SPI1-Whiplashl and SPI3-Whiplashl suggest that both
short-term and seasonal-scale whiplash conditions capture
meaningful interannual variability related to wildfire
impacts. However, the substantially stronger relationship
observed for SPI1-Whiplashl.6 implies that the spatial
coverage of extreme wet-to-dry transitions at the monthly

scale is especially relevant to explaining winter wildfire
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Fig. 8. Time series of precipitation whiplash affected areas and wildfire burned areas (2001-2016)

damage variability. One plausible interpretation is that
extreme monthly-scale reversals are more directly linked
to the conditions that govern winter fire outcomes, such
as rapid desiccation of fine fuels, short-term depletion of
moisture reservoirs, and heightened susceptibility to fire
spread under atmospheric conditions.

Importantly, the whiplash—fire relationship strengthens
when moving from moderate thresholds (+/-1) to extreme
thresholds (+/-1.6). This pattern indicates that the wildfire
signal is not simply responding to whether whiplash
occurred somewhere, but rather to whether the whiplash
transition reached a level of severity that is climatically
and ecologically consequential. From a hazard
perspective, the SPI1-Whiplash1.6 metric may function as
an indicator of years in which a large portion of the
landscape experienced highly anomalous wet conditions
followed by highly anomalous dry conditions across the
critical seasonal transition. This sequence can be
consistent with a “fuel build-up then fuel drying”
pathway: wet summers can promote vegetation growth
and litter production, while subsequent dry winters
facilitate fuel curing and flammability, increasing the
potential for large burned areas once ignitions occur. The

wet-then-dry sequencing mechanism has been highlighted

in climate—fire literature as a driver of enhanced fire
activity under compound hydroclimatic variability (Puxley
et al., 2024).

Notably, during 2012-2014, wildfire-damaged area did
not consistently track the interannual variability of
SPI-based whiplash-affected area. This

suggests that climate-driven wet-to-dry transitions alone

discrepancy

may not fully explain wildfire damage variability in those
specific years.

Given that the majority of wildfires in South Korea are
caused by human activities, with dominant causes
including unintended fires by visitors (29.7%) and
agricultural burning (22.3%), as well as other accidental
ignitions such as discarded cigarettes (Nam, 2026),
precipitation whiplash should not be interpreted as a
direct driver of fire ignition, but rather as a factor
influencing pre-fire fuel conditions, thereby leading to
magnification of the fire. Wet conditions associated with
whiplash can enhance vegetation growth and fuel
accumulation; however, in the absence of immediate fire
events, this accumulated biomass may persist into
subsequent years. When ignition eventually occurs, such
carryover of fuel may contribute to increased wildfire

damage.

http://www.jccr.re.kr
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This mechanism implies a potential lagged -effect,
whereby the influence of precipitation whiplash extends
beyond the year of occurrence through interannual fuel
accumulation. remains

However, this interpretation

hypothetical and requires further validation using
longer-term datasets and spatially explicit fire occurrence

records.

3.5.2. Burned area and national mean
persistence—weighted whiplash intensity

In addition to spatial extent, this study evaluated
whether winter wildfire-damaged area covaries with
national mean precipitation whiplash severity derived
from the persistence-weighted intensity metric. The
national mean persistence-weighted intensity and winter
wildfire-damaged area are shown in Fig. 9.

The correlation coefficient (r = 0.544) indicates that
years with higher national mean persistence-weighted
intensity show a moderate positive correlation with larger
winter wildfire-damaged area. However, this relationship
is weaker than the strongest area-based result
(SPI1-Whiplash1.6; r = 0.806). This contrast suggests that

the spatial footprint of extreme whiplash explains wildfire

Journal of Climate Change Research 2026, Vol. 17, No. 3

damage variability more strongly than the national mean
intensity score alone. One possible explanation is that
national averaging-particularly when computed as a single
scalar over the entire country-can dilute localised
high-intensity signals that may strongly influence wildfire
outcomes at regional scales.

A similar discrepancy was observed during 2012-2014,
when wildfire-damaged area did not align with the
whiplash indicator. This pattern is consistent with the
deviation ideentified in Section 3.5.1. for SPI-based
whiplash extent. The recurrence of this inconsistency
across both area-based and intensity-based metrics
suggests that additional factors which were not considered
in this study may have exerted a stronger influence on

wildfire-damaged area during those years.

4. Discussions

4.1. Precipitation whiplash and its linkage to
winter wildfire damage in South Korea

This study provides empirical evidence that
precipitation whiplash occurs recurrently across South

Korea, and that such hydroclimatic behaviour is
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meaningfully associated with interannual variability in
winter wildfire damage. Among the examined indicators,
the spatial extent of extreme short-term whiplash,
captured by the SPIl1-Whiplashl.6 definition, exhibited
the strongest positive association with  winter
wildfire-damaged area. This suggests that wildfire damage
in South Korea is particularly sensitive to years in which
extreme wet—to-dry transitions occur over large portions
of the landscape, rather than to moderate or purely
seasonal-scale anomalies alone.

A plausible mechanistic interpretation is that
anomalously wet summer conditions promote vegetation
growth and fuel accumulation, while subsequent abrupt
transitions to anomalously dry winter conditions facilitate
rapid fuel curing and desiccation. This sequence can
substantially  increase  fuel flammability, thereby
amplifying wildfire damage once ignition occurs. The
comparatively ~ weaker  correlations  observed  for
SPI3-based whiplash suggest that cumulative seasonal
anomalies, while relevant, may be less effective in
capturing the rapid moisture reversals that directly
condition winter fire behaviour. Together, these results
highlight the importance of short-term hydroclimatic
variability and extreme transition intensity in shaping

wildfire outcomes.

4.2, Implications for wildfire risk assessment
and policy

The findings of this study indicate that precipitation
whiplash indicators can complement traditional drought
metrics in wildfire risk assessment. In particular, the
strong association between extreme SPI1-based whiplash
extent and winter wildfire damage suggests that
monitoring rapid wet-to-dry transitions may provide early
insight into years with elevated wildfire vulnerability. The
persistence-weighted whiplash intensity metric further
offers a means of integrating anomaly magnitude and
temporal reinforcement,

capturing aspects of

hydroclimatic ~ stress that are not reflected in
single-threshold indicators.

From a policy perspective, incorporating precipitation

whiplash metrics into seasonal outlooks or early warning
frameworks could enhance preparedness and resource
allocation for wildfire management, especially during the
winter fire season. Such indicators may be particularly
valuable for identifying years in which climate-driven
background conditions elevate the potential severity of
wildfire impacts, even in regions like South Korea where
ignition is predominantly induced by anthropogenic

influence.

5. Conclusions

In conclusion, this study demonstrates that precipitation
whiplash is a recurrent hydroclimatic phenomenon across
South Korea and that it is significantly associated with
interannual variability in winter wildfire damage. Extreme
short-term  whiplash
SPI1-Whiplashl.6, show the strongest relationship with

events, as represented by
wildfire impacts, underscoring the role of rapid wet—dry
transitions in amplifying wildfire risk. These findings
emphasise the value of precipitation whiplash as a
climate-based indicator for wildfire  vulnerability
assessment and highlight its potential application in
climate adaptation and disaster risk reduction strategies.

This study does not come without limitations. The
study relied on national-scale wildfire damage statistics
and did not explicitly evaluate the spatial correspondence
between whiplash-affected areas and actual wildfire
locations. Thus, future research integrating geographically
referenced wildfire occurrence data would enable more

detailed spatial attribution.
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