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Abstract
The southwestern Korean Peninsula had experienced cumulative precipitation deficits from the
early spring of 2022, causing a severe meteorological drought in March 2023. As a growing season
was forthcoming, the sub-seasonal to seasonal outlook of this ongoing drought came into question.
This study aims to investigate a key driver of the ongoing drought and the required precipitation
for its termination, and examine the sub-seasonal and seasonal outlooks of the ongoing drought
via probabilistic and climate model-based forecasts. Results show a comparable contribution of
springtime and summertime precipitation deficits in 2022, indicating that six-month accumulated
precipitation deficit of 2022 was a key driver of the ongoing drought. We find that at least 80, 150,
and 210 mm (170, 310, and 440 mm) of accumulated precipitation are required for the recovery
(full recovery) in March, April, and May 2023, respectively. These required cumulative
precipitation are found from 25% and 20% of empirical and dynamic precipitation forecasts,
respectively. This study highlights the importance of the collaborative effort of national and local
governments and stakeholders on mitigating negative impacts of the ongoing drought.

1. Introduction

The southwestern (SW) Korean Peninsula had exper-
ienced long-lasting precipitation deficits since the
spring of 2022, resulting in a severe drought in early
2023.Normally, regional damoperation facilities over
this regionmaintain themaximumwater level of dam
reservoirs in January for a forthcoming crop plant-
ing season from late March through early May. In
February 2023, however a majority of the large reser-
voirs showed 50% of the maximumwater level or less
(K-water 2023). Since then, regional authorities had
operated dams following drought contingency plans
to mitigate adverse effects of the ongoing drought
on regional communities, but the effectiveness of the
changes in dam operation remains uncertain due to
missing of the sub-seasonal to seasonal (S2S) outlook
of the ongoing drought. This region had 95.7 mm in
a single day (5 May 2023), which lead to a tempor-
ary drought recovery. Heavy rainfalls occurred from

late June and through mid-July (over 350 mm of
total rainfall), terminating the two year-long drought
(figure 1).

While drought monitoring systems (Svoboda
et al 2002, Begueria et al 2014, Sheffield et al 2014)
and precipitation forecasting operational systems
(Kirtman et al 2014, Pegion et al 2019) are common,
the monitoring and forecasting systems of drought
recovery are limited. The operational systems of
the NOAA National Weather Service (www.weather.
gov/serfc/howmuchrain) and United Kingdom
(UK) Hydrological Outlook (https://hydoutuk.net/)
provide a spatiotemporal outlook of the ongoing
drought and also the required amount of precip-
itation for termination of the ongoing drought.
These drought recovery outlooks provide action-
able information for proactive drought mitigation
plans. However, a severe South Korea drought is often
terminated by heavy rainfalls within a short period
(Kim et al 2009, Park et al 2022) that often cause
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Figure 1. Spatial distributions of (a) accumulated precipitation anomalies (unit: mm) and (b) the mean scEDI during January
2022 through July 2023. A black box in (b) depicts the southwestern (SW) Korean Peninsula region. (c) Daily scEDI values over
SW region (lines), relative online search activity volumes (blue bars) and number of news article (green bars) using a search term,
‘drought’, from NAVER for 2021–2023, and areal fractions of drought-affected area in South Korea.

a severe pluvial flood, which makes the authorities
of South Korea more focused on the imporvement
of flood forecasting, rather than drought recovery
forecasting.

The seasonal forecasting skill of drought recovery
remains uncertain due to limited precipitation fore-
casting skill beyond two weeks. To examine a possib-
ility of drought recovery and its uncertainty range,
previous studies quantified the required accumulated
precipitation amount and likelihood of the ongo-
ing drought demise using drought index-basedmeth-
odologies (Antofie et al 2015), ensemble determin-
istic model forecasts (Bell et al 2013, Pan et al 2013)
and statistical methodologies (Parry et al 2018, Singh
et al 2021, Xu et al 2023). However, these studies

are based on soil moisture and hydrological droughts
that has long-term memory in their time series. It
is well known that Korea meteorological droughts
have a relatively short-term duration with the onset
in the spring season (Kim et al 2009). The Korean
Peninsula has 1200–1300 mm of the annual precip-
itation on long-term average, with a clear season-
ality of precipitation. Most of the total annual pre-
cipitation is distributed over the summer months
via heavy rainfalls developed by various generating
mechanisms of moisture transports from surround-
ing seas and remote oceans, including atmospheric
rivers (e.g. Changma/Maiyu) and tropical cyclones
(Ha et al 2012, Kimand Jin 2016, Park et al 2021). This
rapid recovery of the meteorological droughts has
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been found in the eastern US region (Kam et al 2014).
The regional climate system of the Korean Peninsula
often causes severe summertime pluvial flooding, fol-
lowing a severe springtime meteorological drought.
Therefore, monitoring of the stage of the ongoing
drought is critical to understand the recovery patterns
of Korean Peninsula droughts and generate their sub-
seasonal and seasonal outlooks.

The effective drought index (EDI; Byun and
Wilhite 1999) is the only drought index that is
designed to characterize the drought condition at
the daily basis. While standardized drought indices
accounts for accumulation of monthly precipita-
tion deficit within a fixed time window, the EDI
accounts for the time-varying accumulation of daily
precipitation deficit, depending on the severity of the
ongoing drought. The EDI can provide the estim-
ate of required precipitation amounts for its demise.
Monitoring of the daily condition of the ongoing
drought can provide actionable information to water
resources managers and local stakeholders (Byun
and Wilhite 1999, Kim et al 2009, Park et al 2022).
Previous studies found that EDI detected and char-
acterized the past droughts across the spatial and
temporal scales more accurately compared to other
standardized indices (e.g. Morid et al 2006, Pandey
et al 2008, Akhtari et al 2009, Deo et al 2017,
Kamruzzaman et al 2019, Malik et al 2021).

Recently, the self-calibrating EDI (scEDI; Park
et al 2022) is proposed to compute daily drought
index values using 30-year receding yardsticks,
instead of the last 30 year yardstick that is used in
the EDI calculation, tomonitor daily evolutions of the
ongoing drought. In other words, the scEDI automat-
ically calibrates the ‘optimal climate normal’ (Wilks
1996), depending on the period of interest, which
leads to the statistical consistency of its index values
(e.g. the frequency of −1.0 of scEDI values is 34% of
the sample).

Precipitation forecasts of the real-time operation
systems can hint the outlooks of the ongoing drought
from the perspective of the drought propagation.
But they do not provide the actionable information
for drought preparation and response plans, which
requires specific information for decisionmaking like
the required precipitation amount for drought recov-
ery. The Sub-seasonal Experiment (SubX, Pegion et al
2019) and North American Multimodel Ensemble
(NMME, Kirtman et al 2014) forecasting systems
provide the sub-seasonal and seasonal forecasts,
respectively. They provide multi-model ensemble
forecasts of precipitation and other meteorological
variables over the globe. Previous literatures sugges-
ted that precipitation forecasts of SubX and NMME
are reliable over the Asian region (Pegion et al 2019,
Roy et al 2020, Moradian and Yazdandoost 2021,
Tiwari and Mishra 2022). A recent study (Park and
Kam 2023) found that the predictability of SubX

model forecasts for multi-year Korea droughts is
event-dependent. Effort to translate dynamical fore-
cast precipitations in the context of drought outlooks
remains limited. Furthermore, comparison studies of
synthetic/empirical anddynamical precipitation fore-
casts (Turco et al 2017) provide a reliable outlook
of the ongoing drought, but they are still lacking.
Therefore, this study aims to examine scEDI-based
required cumulative precipitation amounts for the
drought recovery from ensemble empirical precip-
itation forecasts and compare the likelihood of the
drought demise from empirical and dynamical fore-
casts. This study will deepen our understanding of
the causes of the ongoing drought and the reliabil-
ity of the sub-seasonal and seasonal outlooks, leading
to actionable information to update the contingency
plans for the future droughts.

2. Data andmethods

This study used the 10-km gridded European
Centre for Medium-Range Weather Forecasts reana-
lysis version 5 Land (ERA5-Land) daily precipit-
ation data over 1950–2023 (Muñoz-Sabater et al
2021; www.ecmwf.int/en/forecasts/dataset/ecmwf-
reanalysis-v5). ERA5-Land daily precipitation data
showed a consistent spatial pattern of scEDI val-
ues with that from observational data of the 59
Korean Meteorological Administration weather sta-
tions over 2022–2023 (figure S1). The regional aver-
ages of daily scEDI values from the ERA5-Land
gridded and observational precipitation data over
the SW Korean Peninsula showed a high temporal
correlation coefficient (about 0.85) for 1980–2023
(figure S1(c)), indicating the reliability of daily
ERA5-Land precipitation data for the SW Korean
Peninsula.

Increases in online search activity volumes and
news articles related to droughts is the social impact
of a severe drought. In this study, daily search activ-
ity volume data from the NAVER DataLab platform
(https://datalab.naver.com) and the number of news
article about drought from the NAVER news portal
(https://news.naver.com) were used to monitor the
public’s and mass media’s attention to the ongoing
drought. These data provided by the NAVER search
engine provide a unique opportunity to analyze the
dynamic patterns of social response over the tem-
poral evolutions of the ongoing drought. The daily
search activity volumes and the number of news art-
icles were collected over 2021–2023. It is worth not-
ing that NAVER occupies about 60% of the Korean
Internet web search market in 2023 (Chang 2023).

This study also used multi-ensemble precipit-
ation forecasts of six SubX and six NMME cli-
mate forecast models due to available forecasts dur-
ing the study period (http://iridl.ldeo.columbia.edu/
SOURCES/.Models). Forecast precipitation at the

3

https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5
https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5
https://datalab.naver.com
https://news.naver.com
http://iridl.ldeo.columbia.edu/SOURCES/.Models
http://iridl.ldeo.columbia.edu/SOURCES/.Models


Environ. Res. Lett. 18 (2023) 104039 C-K Park et al

four corresponding 100-km grid boxes to the SW
Korean Peninsula regions were used to compute the
regional averages of precipitation and scEDI values.
The forecast initial time of the precipitation fore-
casts was late February or early March 2023, which
is the closest available forecast date to 1 March 2023.
Detailed information of the SubX and NMME fore-
casts were shown in table S1. The forecast range of the
SubX (NMME) system is from 32 to 45 days (from
9 to 12 months). Diverse verification metrics show
that the SubX and NMME hindcasts are correspon-
ded well to the observation in zero to one month lead
time (see figures S2 and S3 in supplementary mater-
ial), which is consistent with the findings of a recent
prediction skill assessment for South Korea droughts
(Park and Kam 2023).

In this study, the SubX and NMME models were
divided into two groups based on their predictive
performances to three historical drought events (see
figures S2 and S3 in supplementary material). The
high (low) performance model group for SubX con-
sists of ECCC-GEPS7, ESRL-FIMr1p1, and NCEP-
CFSv2 (EMC-GEFSv12, GMAO-GEOS_V2p1, and
RSMAS-CCSM4). The high (low) performance
model group for NMME, these are GEM5-NEMO,
GFDL-SPEAR, and NCEP-CFSv2 (CanCM4i, NASA-
GEOSS2S, and RSMAS-CCSM4). To generate the
distributions of precipitation forecasts of the NMME
(SubX) models, precipitation forecasts are randomly
sampled with replacement 10 000 times from the 56
and 30 (29 and 44) ensemble runs of the high and low
performance models, respectively. For example, the
distribution of precipitation forecasts of the NMME
model group with the high performance is construc-
ted by randomly sampling with replacement from
the 10, 30, and 16 ensemble forecasts of the GEM5-
NEMO, GFDL-SPEAR, and NCEP-CFSv2 models,
respectively and repeating it 10 000 times.

To detect and characterize historical and ongoing
droughts, the scEDI was calculated by using the daily
precipitation of the ERA5 over 1950–2023. Using the
daily precipitation time series of each grid of ERA5,
the scEDI values are calculated following the meth-
ods of Park et al (2022). Firstly, effective precipitation
(EP) is calculated by weighting averaged m-day ante-
cedent precipitation (equation (1))

EP(k,y) =


DS∑
n=1

[(
n∑

m=1
P(365+ k−m, y− 1)

)
/n

]
, k ⩽ m

DS∑
n=1

[(
n∑

m=1
P(k−m, y)

)
/n

]
, k> m

(1)

where DS is the initial duration of antecedent precip-
itation summation, 365, k is the day number of the
climatological year (k= 1, 2,…, 365), y is the last year
of a 30 year rolling period.

Secondly, the climatology of precipitation
using a 30 year rolling period (i.e. the preced-
ing 30 years; rCP) are calculated (equation (2))

rCP(k, y) =

∑y
y−29P(k,y)

30
. (2)

Thirdly, the mean EP (MEP) values are calcu-
lated following the EP calculation but using rCP(k,y),
instead of daily precipitation (equation (3)),

rMEP(k, y) =


DS∑
n=1

[
(
∑n

m=1 rCP(365+ k−m, y−1))
n

]
, k⩽m

DS∑
n=1

[
(
∑n

m=1 rCP(k−m, y))
n

]
, k>m

(3)

Then, the deviations of EP (rDEP) are calculated
by subtracting rMEP from EP (equation (4)),

rDEP(k,y) = EP(k,y)− rMEP(k,y) . (4)

The DS value (DS(k,y)) is 365 when the rDEP
value of the corresponding date is zero or posit-
ive. The DS value increases when the rDEP value of
the corresponding date is negative, which is time-
varying accumulation length of precipitation defi-
cits. By updating the DS values, EDI can account
for time-varying summation durations depending
on cumulative antecedent precipitation deficit, which
can characterize a more realistic drought condition.
With the updated DS values, the EP and rMEP val-
ues were re-calculated. Lastly, themeans and standard
deviations of the rDEP values with DS(k,y) are com-
puted and then the scEDI values are computed from
standardized rDEP values (equation (5)). For a more
detailed description of the scEDI calculation, we refer
the reader to Park et al (2022),

scEDI(k, y) =
rDEP(k,y)

STD(rDEP(k,y))
. (5)

In this study, the intensity of drought was defined
as the minimum value of scEDI over the drought
duration, following the definition used in Kam et al
(2021a). The threshold values for drought recovery
were 0.0 of scEDI, respectively. We defined +1.0 of
scEDI as a threshold value for full drought recovery
since the drought can still re-emerge when the scEDI
value is close to zero. In other words, it is possibly an
intermittent period of above-average or normal con-
ditions during the drought development phase (Parry
et al 2016).

To investigate the contribution of the springtime
and summertime precipitation deficits to the ongo-
ing 2022–23 drought, two synthetic historical precip-
itation data were generated by replacing the observed
precipitation with the spring (March–May) and sum-
mer (June–August) climatological precipitation indi-
vidually and calculated the daily scEDI values of each
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case. Furthermore, the required single-day precipita-
tion amount for drought recovery and full recovery
on 1 March 2023 were estimated.

To generate empirical forecasts, observed daily
precipitation were randomly sampled 10 000 times
with replacement (bootstrapping) from the historical
records on the corresponding date (1 March through
31 May) over 1991–2020. For example, empirically
forecasted precipitation on 15 May 2023 were gener-
ated by randomly sampling with replacement among
the observed 30 values of daily precipitation on 15
March over 1991–2020. Synthetic precipitation-based
empirical model forecasts were generated by shuff-
ling the historical springtime precipitation over 1991–
2020. Synthetic precipitation-based empirical model
forecasts were generated by shuffling the histor-
ical springtime precipitation over 1991–2020, exclud-
ing the study years, 2022 and 2023. Overall, daily
scEDI values from the gauge station data and ERA5
reanalysis product were consistent to each other
(figure S1).

Past meteorological events are a representative of
events that may occur in the near-future (Day 1985,
Garbrecht and Zhang 2014). In this study, the syn-
thetic precipitation-based empirical forecasts were a
baseline for probabilistic forecast from the climato-
logical perspective. Then, the scEDI index was cal-
culated using the synthetic daily precipitation. Based
on the scEDI index values, the drought recovery
and full recovery can be detected when the scEDI
value is below 0 and −1, respectively. The reliab-
ility of the empirical approach-based forecasts can
be assessed by checking whether the observed rain-
fall during the recovery of past droughts is within
a certain range (e.g. one-standard deviation) of the
required precipitation for drought recovery from
the 10 000 empirical approach-based forecasts, rather
than whether the timing of the drought recovery is
predicted accurately. The accumulated precipitation
relating to the recovery of historical droughts were
analyzed (figure S2). Over 1980–2021, 12 out of the 16
past drought cases showed observed precipitation for
the drought termination were within the one stand-
ard deviations of precipitation from 10 000 empir-
ical forecasts, indicating that the empirical forecasting
approach used in this study is reliable.

3. Results

The southern and central Korean Peninsula showed
a contrast of long-lasting precipitation deficits and
surplus over 2022–2023 (figures 1(a) and (b)). In
particular, −1.0 of the scEDI value or less on the
regional average were found over the SW Korean
Peninsula (a black box (34–36◦ N and 126–128◦ E) in
figure 1(b)). The severe drought condition (close to
−1 of scEDI) in the summer of 2021 was the normal

condition (close to zero of scEDI) in the late fall of
2021 (figure 1(c)). The 2022–23 drought emerged in
the spring of 2022 with the minimum scEDI value
close to−3.0 (22 May 2022). In June, drought related
news articles abruptly increased reaching 246 news
articles on 13 June 2022, which was around 20 days
after the occurrence day of theminimum scEDI value.
Online information seeking activity volumes about
drought increased rapidly in late June with the max-
imum volume (30 June 2022), which was 17 days
after the peak of news article numbers. This react-
ive pattern of the public drought awareness was also
found during the 2011–17 California drought (Kam
et al 2019). These results indicate that the response
of mass media leads the public interest in drought,
highlighting an important role of mass media
in enhancing the nation level drought awareness
(Moeller 2006).

The SW Korean Peninsula has experienced two
multi-year drought epochs in mid-1990s and early
2000s, however the 2022–23 drought was the low-
est intensity since 1951 (figure S3). The areal frac-
tion under extreme drought (−1.5 of scEDI or
below) abruptly increased from 20% to 100% in
May, which is a key feature of flash drought (e.g.
a rapid expansion) (Mo 2011, Otkin et al 2018).
Typhoon Hinnamnor made landfall over the Korean
Peninsula on 4 September 2023 and brought intense
rainfall on the following two days, particularly over
the southeastern region of the Korean Peninsula,
which resulted in an intermittent period close to
the normal condition (zero of scEDI or above). In
October, the drought re-emerged and persisted until
March 2023.

The synthetic climatological precipitation data
showed a comparable contribution of springtime and
summertime precipitation deficits to the 2022–23
drought (figure 2). The former showed that the scEDI
values gradually increased in the spring month (May,
April, and May) and then increased and decreased
dramatically from June, reaching −1.2 of scEDI in
February 2023. The later showed the scEDI values
gradually increased in JJA and then persisted around
−0.8 in February 2023. These results indicated that
the summer precipitation in 2022 deficits played a
relatively important role in the development of the
ongoing 2022–23 drought. For both cases, the abrupt
increased of scEDI following heavy rainfall in early
September is related to the typhoon Hinnamnor
whichmade landfall over theKoreanPeninsula, indic-
ating the ameliorating impact of a tropical cyclone
landfall on the ongoing drought (Kam et al 2013).

Results from the 92-day empirical forecasts
showed the range of about 80–170 (130–230), 150–
310 (200–380), and 210–440 (280–590) mm of accu-
mulated precipitation are required to recover (fully
recover) the ongoing 2022–23 drought in March,
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Figure 2. Daily scEDI values for 2022. Green (blue) lines represent the scEDI values calculated by using the March–May
(June–August) climatological precipitation of 2022. Cyan bars in the upper and bottom sub-panels depict the daily precipitation
combined with the climatological precipitation for March–May and June–August, respectively.

April, and May, respectively (figure 3). A wider range
of required accumulated precipitation amounts for
the drought recovery/full recovery in May indicate
that uncertainties increases when the lead time
increases (i.e. the rainy season starts). The chance to
terminate the ongoing drought increased slowly from
March to May (bars in figure 3). The 25% (5%) of
empirical forecasts showed the drought recovery (full
recovery) by May. Furthermore, 50, 80, and 110 mm
(80, 110, and 140 mm) of the single-day precipita-
tion are required to recover (full recover) the ongoing
drought by the end ofMarch, April, andMay, respect-
ively (figure S4). However, these required precipita-
tion amounts or above are still rare over the Korean
Peninsula in the spring months (Ho et al 2003).

Figure 4 shows the distributions of accumulated
precipitation from dynamical forecasts of SubX and
NMME models by May 2023. Except for May, SubX
and NMME model-based forecasts generally showed
the drought persistence in March and April 2023
(figures 4(a) and (b)). The mean values (black dot)
for both of high and lowperformancemodels of SubX
and NMME were close to the that of the drought
persistence scenario and its related forecast distribu-
tions also generally overlapped with that scenario’s
distribution.

The percentages of dynamical forecasts that pre-
dict drought recovery and persistence in March,
April, and May were estimated (figure 4(c)). For

conservative estimate, the maximum (minimum)
accumulative precipitation corresponding to −1 (0)
of scEDI values were used as the threshold value for
drought persistence (recovery) scenario (below the
blue (red) line in figures 4(a) and (b)). 19% of high
and low performance NMME models predict recov-
ery of the ongoing 2021–23 drought in May 2023
(figure 4(c)). The probability of persistence kept on
decreasing until May 2023 and 16% for both of high
and low performance NMME models showed the
drought persistency by May 2023. Overall, the fore-
casts of SubX and NMME suggest that there is a slim
chance to recover the ongoing 2022–23 drought till
the early summer rainy season.

Considering the fact that the NMME models
generally underestimate the precipitation compared
to the observation as about 5%–15% (figure S5),
the window of opportunity to the drought recovery
could be a little bit wider than the range suggested
in this study. However, the verification metrics for
ensemble forecast indicate a low performance of the
NMMEmodels for next 1–3 lead months (figure S6),
implying that huge uncertainties are still existed in
NMME forecast. The wide range of the SubX and
NMME ensemble forecasts might be attributable to
the different model physics and parameterizations,
which should be improved by better understanding
of the prediction skill of other variables, such as sea
surface temperature and 2 meter air temperature and
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Figure 3. Distributions between the scEDI value and the related accumulated precipitation summed from 1st March to the end
dates of March (green), April (blue), and May (dark golden) for 10 000 scenarios. The bar subplot shows proportion (%) of
scenarios for drought recovery and full recovery that exceeds 0.0 and 1.0 of scEDI, respectively. Solid lines depict the range of
kernel density estimation for the accumulated precipitation. Errorbars in the right sub-panel depict the range of the accumulated
precipitation for each scenario and month.

modeled interactions between land, ocean, and atmo-
sphere (Kam et al 2014, 2021b).

4. Discussion

This study examined scEDI-based required accumu-
lated precipitation amounts for the drought recov-
ery from ensemble empirical precipitation forecasts
and compared the likelihood of the drought demise
between empirical and dynamical forecasts. The
2022–23 SW Korea drought was the most intense
drought and the 3rd longest drought since 1950. The
key driver of the ongoing droughtwas exceptional six-
month precipitation deficits during the spring and
summer of 2022. At the time of writing (March,
2023), the required total precipitation for drought
recovery was at least 80, 150, and 210 mm by the
end of March, April, and May 2023, respectively.
This study found that the empirical and dynam-
ical model-based predictions had a low predictabil-
ity of actual rainfall events in May, 2023 when they
forecasted in early March. This finding implied that
the actual predictability of empirical and dynamical
models for observed intense rainfall in May that lead
to the drought recovery was still low, possibly due to

atmospheric noise, known as the significant butter-
fly effect of an initial condition at the seasonal scale.
However, the empirical model-based precipitation
can provide the required precipitation for drought
recovery/full recovery that can be used to interpret
forecasted daily precipitation in terms of drought
persistency/recovery.

The SW Korean Peninsula is a breadbasket of
South Korea, which is vulnerable to a severe drought.
The findings of this study suggest that the full mobil-
ization of national water management system and
plans is necessary to overcome a crisis of the ongo-
ing drought persistence for the next crop planting sea-
son. A possible drought contingency plan is an inter-
basin transfer project between the central and SW
Korea peninsula. Over 2022–23, the central Korean
Peninsula experienced exceptionally positive precip-
itation anomalies. This study also suggests the need
to include interbasin transfer projects in the current
drought contingency plans.

Interbasin transfer projects however require the
nationwide public support to expedite its execu-
tion. When interbasin transfer projects are pro-
posed, however federal and local governments and
local stakeholders have often faced social conflicts,
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Figure 4. Forecasts of the SubX and NMME models for the accumulated precipitation during (a) March 2023, (b) March–April
2023, and March–May 2023, respectively. The red and blue dashed lines represent the minimum and maximum values of recovery
and persistence scenarios in figure 3, respectively. Dots depict the mean value of each forecast distribution. In (c), the percentage
(%) of forecasts for the recovery (persistence) is defined by the ratio of the forecasts that have a greater (smaller) accumulated
precipitation corresponding to the maximum (minimum) value of persistence (recovery) scenario (blue (red) lines in (a) & (b)).

particularly between water ample and scarce states.
According to the NAVER DataLab data, the inter-
net search activity volumes with the search term,
‘drought’, in 2022 was one-tenths of those in 2017
when the entire Korean peninsula experienced a
severe drought (figure S7), indicating a lack of the
nationwide awareness of the ongoing SW Korea
drought. This study suggests the need of a persist-
ent and collaborative effort of governments and mass
media to improve the nationwide awareness of the
ongoing drought, eventaully leading to the public
support for cross-basin water resources management
and drought contingency plans.

5. Conclusions

This study presented a prospective evaluation of the
sub-seasonal to seasonal forecasting skill of the 2022–
23 SW Korea meteorological drought, using sub-
seasonal to seasonal outlooks from dynamic model

forecasts compared with the synthetic precipitation-
based empirical forecasts from the climatological per-
spective. While the scEDI-based drought propaga-
tion scenarios constructed by the SubX forecast
models provided a practical guideline for effective
drought response and recovery at the sub-seasonal
scale, the SubX and NMME forecast models showed
still a large uncertainty of the seasonal prediction
skill for the ongoing drought evolution. The lim-
ited seasonal forecast skill was not able to provide
actionable information for the drought response and
recovery plans, emphasizing the need to improve
the current climate forecast models for reliable sea-
sonal forecasting skill. The proposed methodology
in this study can provide the required precipita-
tion for the ongoing drought recovery based on the
drought index-based scenarios, which is informat-
ive for whether sub-seasonal and seasonal forecast
precipitation can recover the ongoing drought or
not.
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Data availability statements

The ERA5-Land reanalysis product is available at
https://cds.climate.copernicus.eu. The SubX and
NMME forecast data are available at https://iridl.
ldeo.columbia.edu/SOURCES/.Models/.SubX/ and
http://iridl.ldeo.columbia.edu/SOURCES/.Models/.
NMME/, respectively. The python code for scEDI
used in this study are available at https://doi.org/10.
7910/DVN/QXINCU. The data used in this study are
available at https://doi.org/10.7910/DVN/1SUVFL.
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