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Abstract Drought—flood abrupt alternation (DFAA) events pose major challenges for subseasonal-to-
seasonal (S2S) prediction owing to their rapid hydrological transitions and complex circulation controls. Using
ECMWF 828 ensemble forecasts, this study explores the subseasonal predictability of three objectively
identified DFAA events over eastern China during 2022-2024. Across the analyzed cases, we find that the
forecast skill tends to be higher during the drought phase than during the subsequent transition and flood onset.
This tendency is associated with persistent drought conditions being linked to slowly evolving, spatially
coherent large-scale circulation anomalies and relatively greater ensemble consistency at subseasonal lead
times. An important source of subseasonal predictability is linked to mid-tropospheric circulation anomalies,
including Rossby wave trains and subtropical-midlatitude coupling, which provide coherent precursor signals
approximately 10-30 days prior to the observed transitions. In contrast, forecast skill degrades notably during
the transition period and subsequent flood onset, when short-term triggering processes—particularly tropical
cyclone-related circulation—introduce substantial ensemble divergence and timing uncertainty. Among the
cases analyzed, the monsoon-related event is associated with relatively higher and more stable subseasonal
predictability, whereas the tropical cyclone—influenced event exhibits reduced forecast reliability. These results
highlight the importance of large-scale circulation precursors for extended-range monitoring of DFAA events,
while underscoring the intrinsic limitations of current S2S systems in predicting the precise timing and intensity
of abrupt flooding onset.

Plain Language Summary Drought—flood abrupt alternation (DFAA) events involve a rapid shift
from dry conditions to heavy rainfall within a short period, often leading to serious impacts on water resources,
agriculture, and society. Predicting these events several weeks in advance is difficult because they combine
slowly evolving background conditions with rapidly developing weather systems. In this study, we examine
three recent DFAA events over eastern China using subseasonal ensemble forecasts from the European Center
for Medium-Range Weather Forecasts. The results show that forecasts tend to be more reliable during the
drought stage than during the subsequent transition and flood onset. This difference is linked to the presence of
large-scale atmospheric circulation patterns that evolve gradually and are more consistently represented across
ensemble forecasts. As the transition approaches, forecast reliability decreases because short-lived weather
systems, especially those related to tropical cyclones, introduce large uncertainty in timing and rainfall intensity.
These findings suggest that monitoring large-scale circulation patterns can support early awareness of potential
drought—flood transitions, while also highlighting current limitations in predicting the exact onset of abrupt
flooding.

1. Introduction

Global warming has intensified the frequency and severity of extreme climate events, particularly compound
events involving multiple hazards occurring in close succession or simultaneously (AghaKouchak et al., 2020;
Zhang, B. et al., 2024). Among these, drought—flood abrupt alternation (DFAA)—characterized by a rapid
transition from drought to heavy rainfall within days to weeks—has emerged as a critical hydroclimatic challenge
under a warming climate (Gao et al., 2019; Shi et al., 2021). Recent global analyses indicate that abrupt dry—wet
transitions are becoming increasingly frequent and widespread, posing growing risks to water resources and
ecosystem sustainability (He et al., 2025; He & Sheffield, 2020).
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DFAA events pose disproportionate risks compared to isolated droughts or floods, because impacts from both
phases accumulate within a compressed time window, leaving limited opportunity for adaptation and recovery.
Such rapid dry—wet transitions can severely disrupt water resources management, agricultural production, and
socio-economic systems, particularly in regions with strong hydroclimatic variability (Chen et al., 2020; He &
Sheffield, 2020). Recent case studies have documented that DFAA events can result in substantial economic
losses and widespread societal impacts, underscoring their relevance as a high-impact compound climate hazard
(Bi et al., 2020; Gao et al., 2019; Yoon et al., 2018). Importantly, the abrupt nature of these transitions amplifies
forecast and early-warning challenges, as successful prediction requires capturing both slowly evolving drought
conditions and rapidly developing rainfall-triggering processes.

Observational and modeling studies suggest that DFAA events, as a form of compound dry—wet extremes, are
associated with increasing hydroclimatic intensity and societal impacts in many regions under a warming climate
(Swain et al., 2025; Zscheischler et al., 2020), particularly in monsoon-dominated climates (Qiao et al., 2023; Wei
et al., 2025). China is among the most exposed regions, especially eastern China, where dense population,
intensive land use, and strong monsoon-driven climate variability converge (Bi et al., 2023; Xiaet al.,2017; Yu &
Zhai, 2020). Notably, recent evidence indicates a shift toward fewer but more severe DFAA events in China,
highlighting the growing importance of understanding and anticipating high-impact transitions rather than their
frequency alone (Qiu et al., 2024; Su et al., 2024).

Previous studies have made substantial progress in identifying and characterizing DFAA events using objective
indices (Bai et al., 2023; Liu et al., 2024; Wu et al., 2006), such as the Drought-Flood Abrupt Alternation Index
(DFAAI). These efforts have revealed pronounced regional and seasonal dependence, as well as close links to
intraseasonal oscillations, monsoon variability, and large-scale circulation anomalies (Bai et al., 2023; Gao
et al., 2019; Nie et al., 2025). However, recent work has also demonstrated that the detection and statistical char-
acterization of short-term DFAA events are sensitive to index definitions and temporal scales (Wei et al., 2025),
complicating their objective assessment. Moreover, abrupt drought—flood transitions in eastern China are often
associated with interacting circulation drivers—including midlatitude wave trains, subtropical highs, monsoon
surges, and tropical cyclone activity—introducing strong nonlinearity and posing inherent challenges for advance
anticipation. As a result, existing studies have primarily focused on event occurrence and physical attribution, while
comparatively less attention has been devoted to the predictability of DFAA events at extended lead times.

Despite growing understanding of DFAA occurrence and mechanisms, their predictability on the subseasonal-to-
seasonal (S2S) time scale remains poorly quantified. The S2S range, spanning approximately 2 weeks to 2 months,
represents a critical forecast gap between deterministic weather prediction and seasonal outlooks (Vitart
et al., 2017). DFAA events pose a unique challenge for S2S prediction because they require the accurate repre-
sentation of both slowly evolving drought conditions and the timing and intensity of rapidly developing rainfall-
triggering processes, which are governed by distinct dynamical controls. The ECMWEF S2S prediction system
provides a widely used ensemble framework for exploring subseasonal predictability, with forecast lead times
extending to several weeks (Robertson & Vitart, 2019; Vitart et al., 2017). While previous studies have demon-
strated skill in predicting individual extremes such as droughts or heavy rainfall (DeFlorio et al., 2019; Masuk-
wedza et al., 2025; Olaniyan et al., 2018; Rivoire et al., 2023), the extent to which S2S systems can anticipate the
full drought-to-flood transition—particularly in monsoon-affected regions—remains largely unexplored.

In this study, we investigate the subseasonal predictability of recent high-impact DFAA events over eastern China
using ensemble forecasts from the ECMWF S2S prediction system. By evaluating forecast performance across
different phases of the transition and diagnosing circulation differences between successful and unsuccessful
ensemble members, we aim to examine the key dynamical factors contributing to predictability and uncertainty at
subseasonal lead times. This process-oriented analysis seeks to shed light on why certain DFAA events tend to
exhibit higher predictability than others and to provide physically based insights to support early warning of
compound hydroclimatic extremes under a warming climate.

2. Data and Methods
2.1. Data Sets

ERAS reanalysis daily precipitation data spanning 1980-2024 are used as the observational reference for iden-
tifying and characterizing DFAA events over China (Hersbach et al., 2020). These data provide the basis for
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calculating the Standardized Precipitation Index (SPI) and objectively determining the onset, duration, and
termination of drought and flood phases.

Subseasonal forecasts are obtained from the ECMWF S28S ensemble prediction system (Vitart et al., 2017), which
issues real-time forecasts twice weekly (Mondays and Thursdays) with lead times up to 46 days, accompanied by
a consistent set of reforecasts (hindcasts). Each real-time forecast consists of one control member and either 50 or
100 perturbed members, depending on the initialization date. Specifically, forecasts initialized on 29 June 2023
include 50 perturbed members (51 members in total), whereas forecasts initialized on 3 July 2023 and thereafter
include 100 perturbed members (101 members in total). The reforecast data set spans 20 years, with 11 ensemble
members for each initialization date, and is used to construct the model climatology.

Both precipitation and circulation variables from the ECMWF S28S forecasts are used in the analysis. Forecast
precipitation is used to compute the SPI. Circulation diagnostics include 500-hPa geopotential height (Z500),
potential vorticity on the 320-K isentropic surface (PV), 850-hPa moisture flux (uq, vq), and 850-hPa relative
vorticity (ROT850). Z500 and PV are directly obtained from the ECMWF S2S forecasts, while moisture flux and
relative vorticity are computed diagnostically from model wind and humidity fields. These circulation variables
are used to investigate the large-scale dynamical mechanisms and precursor signals associated with successful
and unsuccessful DFAA predictions.

2.2. Standardized Precipitation Index and Event Identification
2.2.1. SPI Definition and Calculation

Precipitation-based indices are widely used for diagnosing drought and flood conditions, particularly for events
characterized by rapid hydrological transitions (Qiao et al., 2023). Among them, the SPI provides a flexible
framework for quantifying precipitation anomalies across multiple time scales (Ford et al., 2021; McKee
etal., 1993). Although SPI does not explicitly represent land-surface hydrological processes such as runoff or soil
moisture dynamics, it offers a practical and internally consistent metric for identifying abrupt dry—wet transitions
when precipitation variability is the dominant driver, as demonstrated in recent DFAA-related studies (Gao
et al., 2019; Shi et al., 2021; Wei et al., 2025).

Given that DFAA events are typically associated with short-term precipitation deficits followed by sudden
excessive rainfall, a short accumulation window is required to capture their rapid evolution. Accordingly, the
7-day SPI (SPI-7) is adopted in this study as an indicator of short-term hydrological variability, consistent with
recent analyses of abrupt drought—flood transitions at sub-monthly time scales (Wei et al., 2025). At such short
accumulation periods, SPI computed using a standardized anomaly formulation provides a robust approximation
to the canonical SPI definition and is well suited for subseasonal predictability assessment.

For observations, SPI-7 is computed using ERAS daily precipitation based on a moving 7-day accumulation
window. The accumulated precipitation Pggps is defined as the total precipitation over the current day and the
preceding 6 days. The observed SPI-7 is calculated as:

SPI, = PERras — UERAS )
OERAS

where uggas and opgras denote the climatological mean and standard deviation for the corresponding calendar
window, derived from the 1980-2024 ERAS climatological record.

For forecasts, SPI-7 is computed using the same standardized anomaly approach. The 7-day accumulated pre-
cipitation Py 15 derived from the real-time forecast, and is standardized using the ensemble mean U egorecast
and standard deviation 6 ,efyecast from the corresponding reforecast data set:

SPI, = Dreal-ime = theforecas o

Oreforecast

This formulation allows for an objective and consistent comparison of observed and forecast SPI-7 anomalies in
the subseasonal predictability assessment.
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g:mbiZalry of Observed Drought-Flood Abrupt Alternation Events Over Eastern China

Case Duration (days) Analysis domain (°E, °N) Forecast initialization dates

1 20,221,001-1002 2 110-120°E, 30-40°N 0905, 0908, 0912, 0915, 0919, 0922, 0926
2 20,230,722-0729 8 110-120°E, 35-42°N 0626, 0629, 0703, 0706, 0710, 0713, 0717
3 20,240,619-0630 12 110-120°E, 30-36°N 0523, 0527, 0530, 0603, 0606, 0610, 0613

Note. The analysis domain refers to the region over which area-averaged precipitation and SPI-7 are calculated and may not fully coincide with the actual affected area.

2.2.2. Observed DFAA Event Identification

DFAA is conceptualized as a rapid transition from a sustained drought state to a pronounced wet anomaly within a
short time window. Accordingly, three key aspects are considered in defining DFAA events: (a) the presence of a
clearly identified drought phase, (b) an abrupt temporal transition from dry to wet conditions, and (c) the onset of a
statistically and hydrologically meaningful wet signal (Su et al., 2024; Wang et al., 2024). Based on these
considerations, DFAA events are identified from the observed SPI-7 time series using the following objective
criteria:

A negative SPI-7 value must persist for at least 30 consecutive days, during which at least 80% of the days (i.e.,
>24 days) have SPI-7 < —0.5, indicating a sustained drought condition.

The interval between the termination of the drought and the onset of significant rainfall must be no longer than
14 days, reflecting the abruptness of the transition at subseasonal time scales.

A positive wet anomaly (SPI-7 > 0.5) must persist for more than 7 days following the dry phase, indicating the
onset of a significant wet signal.

These thresholds are empirically chosen to balance objectivity and physical interpretability, and alternative
choices may lead to some sensitivity in event identification (see Section 4.4). Based on the above criteria, three
contrasting DFAA events over eastern China are identified for detailed analysis, spanning different regions,
seasons, and dominant forcing mechanisms: an autumn 2022 event over the Eastern China Plain; a summer 2023
event over the North China Plain, primarily associated with Typhoon Doksuri; and an early summer 2024 event
over the Huang—Huai River Basin, associated with large-scale monsoon-related circulation adjustments (Chen &
Zheng, 2025) (Table 1).

The limited number of cases reflects both the strict SPI-based identification criteria and the availability of
ECMWEF S28S real-time forecasts, which have been operational only since 2015. Within the 2015-2024 period,
these three events are the only DFAA cases over eastern China that simultaneously satisfy the objective SPI-based
definition and allow consistent subseasonal predictability evaluation using real-time forecasts and corresponding
reforecasts.

2.2.3. Forecast Consistency Criteria and Classification

Based on the observed DFAA events identified using SPI-7 (Section 2.2.2), forecast consistency criteria are
defined to evaluate whether individual ensemble members can consistently reproduce the key characteristics of
the observed drought-to-flood transition. Accordingly, the following conditions are applied to assess whether an
ensemble member successfully simulates the observed transition in a manner consistent with the observational
definition described above:

1. The forecast must exhibit at least five consecutive days with SPI-7 < —0.5 prior to the transition point,
indicating the presence of a dry phase consistent with the observed sustained drought condition.

2. The forecasted end of drought must occur within £3 days of the observed DFAA onset date, ensuring con-
sistency in transition timing.

3. A forecasted wet signal (SPI-7 > 0.5) appears within =3 days of the observed first wet anomaly, indicating
successful prediction of the post-transition wet phase.

The +3-day tolerance accounts for both observational and subseasonal timing uncertainties, while avoiding over-
penalization of minor phase errors. Ensemble members satisfying all three conditions are classified as successful
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simulations, while the remaining members are classified as unsuccessful. This event-based definition integrates
the ability of ensemble members to capture both drought persistence and the subsequent transition to wet con-
ditions. As a result, the success classification reflects a combined measure of forecast performance across these
two phases. In some cases, ensemble members may reproduce one phase reasonably well but fail to satisfy all
criteria simultaneously, which can lead to reduced success ratios without necessarily indicating uniformly poor
forecast skill. Accordingly, the successful/unsuccessful classification should be interpreted as a diagnostic
measure of event consistency rather than an absolute indicator of overall forecast quality.

2.3. Forecast Skill Measures

Forecast skill is evaluated using the Extreme Forecast Index (EFI; Lalaurette, 2003) and the Continuous Ranked
Probability Skill Score (CRPSS; Hersbach, 2000), which measure ensemble signals of extreme conditions and
probabilistic forecast performance relative to climatology, respectively. Both metrics are evaluated as a function
of lead time to quantify the evolution of forecast skill with increasing forecast range. Here, lead time is defined as
the number of days between the forecast initialization date and the end date of the observed drought-to-flood
transition period, providing an event-relative temporal reference for comparing forecast performance across
different initializations.

EFl is computed by comparing the real-time forecast distribution with the model climate derived from reforecasts,
while CRPSS is calculated relative to a climatological ensemble constructed from ERAS5-based SPI-7. Positive
(negative) EFI values indicate a shift of the forecast SPI-7 distribution toward wetter (drier) conditions relative to
the model climate, with larger absolute values corresponding to stronger anomalous signals. A positive CRPSS
indicates that the ensemble forecast outperforms the climatological reference, while negative values indicate
lower skill than climatology. Detailed formulations are provided in the Supporting Information S1.

2.4. Circulation Diagnostics and Time-Space Cross Sections

Composite analyses of large-scale circulation anomalies are performed separately for successful and unsuccessful
ensemble members to diagnose dynamical differences associated with forecast skill. Horizontal composites of
7500 and 850-hPa moisture flux anomalies are examined for three stages relative to the observed transition: the
pre-transition period, the transition period, and the post-transition period. The pre- and post-transition periods are
generally defined as the 7-day intervals before and after the observed transition, respectively, subject to forecast
availability for late initializations. Circulation anomalies in forecasts are defined as deviations from the model
climatology derived from ensemble reforecasts, which accounts for systematic model biases and ensures internal
consistency in the subseasonal diagnostics.

To diagnose the temporal evolution of precursor signals, latitude—time and longitude—time cross sections of
circulation differences are constructed for Z500, ROT850, and PV. Statistical significance is assessed using a
two-sample Welch's r-test, with differences exceeding the 90% confidence level highlighted. Given the relatively
limited sample sizes of the successful and unsuccessful member composites, the 90% confidence level was
adopted to balance statistical rigor with the identification of physically meaningful circulation differences, while
avoiding an overly conservative significance criterion.

3. Results

We analyze three objectively identified DFAA events over eastern China using ECMWF S2S ensemble forecasts
to evaluate subseasonal prediction skill. Forecast performance is examined as a function of lead time using EFI,
CRPSS, and ensemble success ratios, while circulation composites and time—space diagnostics are used to
identify dynamical features associated with forecast success. This framework provides the basis for the case-by-
case analyses presented below.

3.1. Case 1: Autumn 2022 Eastern China Plain Event

Case 1 examines an abrupt drought-to-flood transition over the eastern plain region (110°-120°E, 30°—40°N)
during autumn 2022. As shown in Figure la, regional mean daily precipitation remained persistently below
normal through August and September, followed by a sharp increase at the beginning of October that marked the
onset of heavy rainfall. This transition is also evident in the 7-day SPI-7 (Figure 1b), which shifted abruptly from
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Figure 1. Time series of precipitation anomalies (left panels; units: mm) and SPI-7 (right panels) for (a, b) Case 1, (c, d) Case
2, and (e, f) Case 3, as defined in Table 1. Dashed lines denote +1.0 standard deviation for precipitation anomalies and £0.5
for SPI-7. The climatology is based on the 1980-2024 long-term mean. Gray shading highlights the Drought—flood abrupt
alternation periods.

negative to positive values on 1-2 October, objectively identifying the DFAA onset. Following the SPI-7-based
identification criteria described in Section 2.2.2, the transition period is defined as the interval associated with the
shift from sustained dry to wet conditions.

The EFI time series (Figure 2a) exhibits pronounced negative anomalies prior to the transition across all
initialization dates, with values frequently below —0.5, indicating a strong ensemble signal associated with the
persistent dry conditions. Positive EFI anomalies related to the rainfall onset emerge primarily in short-lead
forecasts initialized in late September, with EFI exceeding 0.3 and reaching values above 0.5 in the 26
September forecast, closely aligned with the observed transition timing. Consistent with this behavior, CRPSS
values (Figure 2b) remain positive for most forecasts during the dry phase, whereas sustained positive skill during
the wet phase is confined to forecasts initialized after mid-September.

Ensemble success ratios (Table 2; Figure 3) further illustrate the dependence of forecast performance on lead
time. Forecasts initialized around 27 days before the transition yield moderate success ratios (~53%), but exhibit
noticeable deviations in both amplitude and timing of SPI-7 evolution. At intermediate leads (17-24 days),
success ratios drop sharply (2%—35%), accompanied by large ensemble spread and smoothed SPI-7 trajectories. A
partial recovery occurs at leads of 10—13 days, when success ratios increase to 37%-51% and successful members
begin to cluster more closely around the observed transition. The highest success ratio (92%) is achieved for the
26 September initialization (6-day lead), for which most ensemble members closely reproduce both the timing
and magnitude of the observed SPI-7 shift.

To diagnose the circulation features associated with forecast success, Figure 4 presents composites of Z500 and
850-hPa moisture flux anomalies for the 26 September forecast, which exhibits the highest success ratio. Suc-
cessful and unsuccessful members share broadly similar large-scale circulation structures but differ markedly in
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Figure 2. Time series of the Extreme Forecast Index (EFI; left panels: (a, c, ) and the Continuous Ranked Probability Skill
Score (CRPSS; right panels: (b, d, f) for three selected Drought—flood abrupt alternation (DFAA) cases: (a, b) Case 1,

(c, d) Case 2, and (e, f) Case 3. Each colored line represents a real-time forecast initialized on a different date, as indicated in
the legend. Gray shading denotes the DFAA periods identified for each case.

anomaly amplitude. During the transition period (1-2 October), the difference composite (successful minus
unsuccessful) shows a statistically significant negative Z500 anomaly over Mongolia and enhanced positive
anomalies along the southeastern coast, accompanied by stronger southwesterly moisture transport into the
Huang—Huai region (Figure 4f). In the post-transition stage (3—9 October), positive height anomalies further
intensify and extend along eastern China, supporting sustained moisture convergence and continued wet con-
ditions (Figure 41).

To examine precursor signals at longer lead times, Figure 5 presents latitude—time and longitude—time cross
sections of circulation differences for forecasts initialized on 5 September. This earlier initialization is used to
isolate robust precursor signals that distinguish successful and unsuccessful ensemble members well in advance
of the transition. The Z500 fields reveal a coherent large-scale precursor pattern emerging approximately
10-20 days before the transition. In the latitude—time section (Figure 5b), a tripole structure develops from mid-
September, characterized by negative anomalies south of 15°N, positive anomalies near 25°N, and negative
anomalies around 35°N, which gradually intensifies and shifts northward as the transition approaches. The
longitude—time evolution (Figure 5e) shows a broad east—west dipole extending from western to eastern Eurasia
(approximately 75°E—135°E), consistent with the development of a large-scale Rossby wave pattern preceding
the transition. In contrast, differences in ROT850 and PV remain weak and spatially fragmented throughout most
of September, with only limited areas of statistical significance. These results suggest that, for this event, suc-
cessful long-lead forecasts are primarily associated with slowly evolving mid-tropospheric circulation anomalies.

3.2. Case 2: Summer 2023 North China Plain Event

Case 2 occurred over the North China Plain and adjacent regions (110°-120°E, 35°-42°N) during summer 2023
and was characterized by a prolonged drought followed by extreme rainfall associated with Typhoon Doksuri.
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Table 2

Number and Percentage of Successful Ensemble Members at Different Lead Times

Case Initial time Lead time (days) Successful/Total members Success ratio (%)

1 20,220,905 27 27/51 52.9
20,220,908 24 18/51 353
20,220,912 20 6/51 11.8
20,220,915 17 1/51 2.0
20,220,919 13 26/51 51.0
20,220,922 10 19/51 37.3
20,220,926 6 47/51 922

2 20,230,626 33 23/51 45.1
20,230,629 30 25/51 49.0
20,230,703 26 10/101 9.9
20,230,706 23 4/101 4.0
20,230,710 19 17/101 16.8
20,230,713 16 38/101 37.6
20,230,717 12 25/101 24.8

3 20,240,523 38 56/101 554
20,240,527 34 48/101 47.5
20,240,530 31 49/101 48.5
20,240,603 27 54/101 535
20,240,606 24 84/101 83.2
20,240,610 20 54/101 53.5
20,240,613 17 18/101 17.8

Note. Lead time is calculated relative to the end of the drought-to-flood transition period. Ensemble size varies with
initialization date: forecasts initialized on 29 June 2023 consist of 51 members (1 control and 50 perturbed), whereas those
initialized on 3 July 2023 and thereafter consist of 101 members (1 control and 100 perturbed).

The drought phase persisted from early June to late July under suppressed precipitation and recurrent heatwaves.
The abrupt transition was triggered by the northward migration of Doksuri's remnant circulation following its
landfall on 28 July, producing widespread flooding over North China between 29 July and 1 August (Figures 1c
and 1d). The transition period is defined as 22-29 July.

The EFI and CRPSS time series (Figures 2c and 2d) indicate marked variability in forecast performance across
lead times. Negative EFI anomalies are present in all forecasts prior to the transition, with stronger signals
appearing in mid-July initializations, consistent with the observed drought. In contrast, positive EFI anomalies
associated with the rainfall phase remain weak across most forecasts, indicating an underestimation of the rainfall
extremity. The CRPSS shows sustained positive values at long leads (e.g., 29 June) for much of the drought
period, but drops toward zero around the transition. Partial recovery of CRPSS occurs in mid-July forecasts, with
local maxima exceeding 0.3 near 31 July.

Success ratios (Table 2; Figure 6) exhibit a pronounced non-monotonic dependence on lead time. Forecasts
initialized at long leads (~30-33 days) achieve the highest success ratios (45%-49%), primarily reflecting
reasonable representation of drought persistence. Skill degrades sharply at intermediate leads (~23-26 days),
with success ratios falling to 4%—10% and ensemble members showing muted or delayed transitions. At shorter
leads (~12-19 days), success ratios partially recover (17%-38%) as a subset of members captures both the
drought phase and the subsequent rainfall onset.

Circulation diagnostics based on the 29 June forecast (30-day lead; Figure 7) provide insight into the sources of
predictability. During the week preceding the transition (Figures 7a—7c), both successful and unsuccessful
members simulate a pronounced positive Z500 anomaly over Northeast Asia, accompanied by anomalous
southward moisture flux into the North China Plain. This large-scale circulation pattern suppresses moisture
transport and supports drought persistence. Differences between the two groups emerge during and after the
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Figure 3. Evolution of the SPI-7 index for Case 1 at different forecast lead times. Rows correspond to forecasts initialized on
5,8, 12,15, 19, 22, and 26 September, respectively. The left and right columns show successful and unsuccessful ensemble
members. The red line denotes observations, the black line the ensemble mean, and gray lines individual ensemble members.
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Figure 4. Case 1 composites of Z500 anomalies (shading; gpm) and 850-hPa moisture flux anomalies (vectors; m s~") for the forecast initialized on 26 September 2022
(47 successful and 4 unsuccessful members). Results are averaged over three periods: (a—c) the pre-transition period (26—30 September), (d—f) the transition period (1-2
October), and (g—1) post-transition period (3—9 October). The left, middle, and right columns show the ensemble means of successful members, unsuccessful members,
and their difference (successful minus unsuccessful), respectively. The red box denotes the eastern plain region (110-120°E, 30-40°N). Dots indicate regions where
7500 differences are statistically significant at the 90% confidence level based on Welch's r-test.

transition. Successful members reproduce a stronger mid-tropospheric high over central-eastern China together
with a low-level cyclonic anomaly over southeastern China associated with Typhoon Doksuri (Figures 7d and
7g), whereas unsuccessful members substantially underestimate both features (Figures 7e and 7h). The difference
field (Figure 7i) highlights the combined influence of enhanced anticyclonic anomalies aloft and stronger
typhoon-related circulation in successful forecasts.

Despite this improvement, even successful ensemble members fail to reproduce the full vertical structure of
Typhoon Doksuri. Notably, the typhoon-related cyclonic signal is evident primarily in the 850-hPa moisture-flux
field, while a corresponding deep negative Z500 anomaly is largely absent. This vertically shallow representation
implies a weakened coupling between the typhoon remnant, the subtropical high, and the midlatitude flow, which
likely contributes to the underestimation of rainfall intensity and the relatively weak positive EFI signals during
the flooding phase.

In addition, ensemble-mean composites tend to smooth localized typhoon-related circulation features, reflecting
both the nonlinear nature of tropical cyclone dynamics and substantial structural diversity among ensemble
members. Such sensitivity may also be related to rapid structural adjustments of landfalling tropical cyclones
associated with land—sea thermal and surface roughness contrasts, which can further enhance forecast uncertainty
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Figure 5. Latitude—time (top row; averaged over 110°E—120°E) and longitude—time (bottom row; averaged over 32°N—34°N) composite cross sections of differences
between successful and unsuccessful ensemble members (successful minus unsuccessful) for Case 1, based on the forecast initialized on 5 September 2022. Shown are
ROT850 (left), Z500 (middle), and PV (right). The gray shading denotes the Drought—flood abrupt alternation period (1-2 October). Dots indicate regions where

differences in the corresponding variables

are statistically significant at the 90% confidence level based on Welch's #-test.

in post-landfall precipitation evolution (Zhong et al., 2026). As a result, the predictability of the extreme rainfall
phase is highly member-dependent and sensitive to small differences in typhoon track, intensity, and interaction
with the background circulation.

Long-lead precursor signals are further examined using latitude—time (top row) and longitude—time (bottom row)
evolution diagnostics (Figure 8). Compared with Cases 1 and 3, Case 2 exhibits much weaker and less coherent
precursor signals. Although statistically significant Z500 differences appear intermittently during July, they
mainly indicate a favorable large-scale circulation background rather than a direct precursor of the subsequent
extreme rainfall. By contrast, PV anomalies remain weak and spatially fragmented, with limited statistical sig-
nificance prior to the transition, suggesting that upper-level PV forcing does not provide a robust subseasonal
precursor for this event. These results indicate that drought persistence is primarily associated with the slowly
evolving large-scale circulation, whereas the abrupt flood transition depends strongly on the later evolution of
Typhoon Doksuri and its interaction with the background circulation.

3.3. Case 3: Early Summer 2024 Huang-Huai Basin Event

Case 3 examines a prolonged DFAA event over the Huang—Huai Basin and adjacent regions (110°-120°E,
30°-36°N) during June 2024, a key transition period of the East Asian summer monsoon characterized by strong
intraseasonal variability. The drought—flood transition extended from 19 to 30 June (Figure If), lasting

LI ET AL.

11 of 22

- 17 Buexunyd Aq 52990Ar9Z02/620T 0T/10p/W0d A8 1M AIq1puluo'sgndnBey/sdiy Wwoiy pepeojumod ‘6T ‘9202 ‘96686912

85UB017 SUOULIOD 3AI1a.D eot|dde 8y} Aq paueAob a8 S3olie YO ‘@SN JO S9N 10} Afeiq1 8UIIUO A8|IA UO (SUONIPUOD-PUE-SWRIALI0Y A8 I ARR1q 1 BUIIUO//SANL) SUOTIPUOD pUe W | 8U1 89S *[9202/0T/20] Uo ArigiTauluo A8|IM ‘ SOAUd dLeydsowny JO Uolninsu|



I .¥ell .
M\\I Journal of Geophysical Research: Atmospheres 10.1029/20261D046625

ADVANCING EARTH
AND SPACE SCIENCES

No.=23 \ No.=28

15
1.0

SPI-7
SPI-7

-1.0

o

[=3
o]
N
o
[=3
o -
@
S
=]
N -
[S)
<]
N -
n
[S]
<]
S -
(%]
o
o
@
S
©

SPI-7

o
b3
N
S
o
-
@
S
o
X
o
<)
N
N
o
o
N
@
S
o
@
o
@

No.=10

n
o
L

o o

SPI-7
o ¢
°

Fed
o

o
3
YT FYTT1 FYRR1 FRARY AP P Iy

o

4]
o
<3
N
o
o
o2 -
@
S
=]
N -
[S)
<]
N -
n
[S]
o
o -
[N)
o
o
x
S
©

g
o
L

o = =
o o w
i T

-
o

SPI-7
S
o wm

o
o
<3
Y]
S
o
o
4]
3
o
X
1)
<)
S
N
S
o
S
)
3
o
=3
<3
3

el g
o o v o

SPI-7
S o
o o

o

o
L

=3
I3
N
=3
=3
o
@
S
o
N~
[S)
o
N
n
[S]
o
3~
@
o
o
X
S
©

S =~ =~ Db
»n o o
L L

=)
o
Y] ITET1 e e |

SPI-7
o ¢
o

S

3
[=3
=23
N
o
o
o2 -
@
S
=]
N -
[S)
<]
N
n
[S]
<]
S -
W
S
o
@
S
©

o
o
L

o w

SPI-7
o ¢
o

o
o

o

o
13
pnlon bbbl

o

0620 0630 0710 0720 0730 0809 0620 0630 0710 0720 0730 0809

Figure 6. Evolution of the SPI-7 index for Case 2 at different forecast lead times. Rows correspond to forecasts initialized on
26 June, 29 June, 3 July, 6 July, 10 July, 13 July, and 17 July, respectively. The left and right columns show successful and
unsuccessful ensemble members. The red line denotes observations, the black line the ensemble mean, and gray lines
individual ensemble members.
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Figure 7. Same as Figure 4, but for Case 2. Composites are shown for the forecast initialized on 29 June 2023 (25 successful and 26 unsuccessful members), averaged
over three periods: (a—c) the pre-transition period (15-21 July), (d—f) the transition period (22-29 July), and (g—i) the post-transition period (30 July—5 August). The red
box denotes the North China Plain (110-120°E, 35-42°N). Dots indicate regions where Z500 differences are statistically significant at the 90% confidence level based

on Welch's #-test.

approximately 12 days and thus representing a more gradual but sustained transition compared with the other two
cases.

The EFI and CRPSS time series (Figures 2e and 2f) reveal a clear contrast between the two phases of the event.
Prior to the transition, EFI values are persistently negative across nearly all forecasts, indicating a coherent dry
signal that is consistently detected at both long and short lead times. Positive EFI anomalies associated with the
flooding phase emerge only in short-lead forecasts (e.g., initializations on 6, 10, and 13 June), but these signals
tend to appear earlier than observed and remain relatively weak, reflecting a combination of timing errors and
underestimation of rainfall intensity. In contrast, CRPSS values remain positive throughout most of the drought
phase, indicating robust probabilistic skill for the persistent dry conditions, while skill decreases markedly during
the transition period.

The ensemble success ratios (Table 2) further illustrate the lead-time dependence of forecast performance.
Forecasts initialized between 23 May and 3 June (27-38-day leads) maintain moderate success ratios ranging
from 47.5% to 55.4%, suggesting that a substantial fraction of ensemble members capture the overall evolution of
the event. The forecast initialized on 6 June (24-day lead) achieves the highest success ratio among all cases
(83.2%), with successful members closely reproducing both the prolonged drought and the subsequent abrupt
flooding onset (Figures 9g—9j). By contrast, the forecast initialized on 13 June (6-day lead) exhibits a much lower
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Figure 8. Same as Figure 5, but for Case 2. Latitude—time (top row; averaged over 110°E—120°E) and longitude—time (bottom row; over 25°N) composites of
differences between successful and unsuccessful ensemble members (successful minus unsuccessful) are shown for the forecast initialized on 29 June 2023. Variables
shown are ROT850 (left), Z500 (middle), and PV (right). The gray shading denotes the Drought—flood abrupt alternation period (22-29 July). Dots indicate regions
where the differences in the corresponding variables are statistically significant at the 90% confidence level based on Welch's #-test.

success ratio (17.8%). This reduction mainly reflects the event-based success criteria requiring sufficient ante-
cedent dry conditions prior to transition. Because this initialization occurs very close to the observed flooding
onset, some ensemble members capture the wet transition reasonably well but do not provide sufficient lead time
to satisfy the minimum dry-phase requirement, rather than indicating a fundamental loss of forecast skill.

Circulation composites for the 6 June initialization (Figure 10) show that prior to the transition, both successful
and unsuccessful members simulate a low-level cyclonic moisture-flux anomaly over the East China Sea and the
adjacent southeastern coast. Northeasterly anomalies on the western flank of this circulation suppress moisture
transport into the Huang—Huai Basin, favoring the persistence of dry conditions. During the transition period
(19-30 June; Figures 10d-10f), this cyclonic circulation weakens substantially and is replaced by a pronounced
anticyclonic anomaly at 500 hPa over central-eastern China, which enhances southwesterly moisture transport
into the Huang—Huai region and triggers the abrupt shift to wet conditions. The difference composite (Figure 10i)
highlights stronger positive Z500 anomalies and enhanced low-level southerly moisture transport in successful
members, together with compensating negative anomalies to the northeast, indicating that a more robust mid-
tropospheric high and intensified monsoonal flow are critical for reproducing the observed transition.

The circulation evolution shown in Figure 10 also explains the relatively stable forecast performance during the
drought phase. Prior to the transition, successful and unsuccessful members exhibit highly consistent large-scale
circulation patterns, characterized by suppressed moisture transport and limited ensemble spread. This spatially
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Figure 9. Evolution of the SPI-7 index for Case 3 at different forecast lead times. Rows correspond to forecasts initialized on
23 May, 27 May, 30 May, 3 June, 6 June, 10 June, and 13 June, respectively. The left and right columns show successful and
unsuccessful ensemble members. The red line denotes observations, the black line the ensemble mean, and gray lines
individual ensemble members.
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Figure 10. Same as Figure 4, but for Case 3. Composites are based on the forecast initialized on 6 June 2024 (84 successful and 17 unsuccessful members), averaged over
three periods: (a—c) the pre-transition period (12—18 June), (d—f) the transition period (19-30 June), and (g—i) the post-transition period (1-7 July). The red box denotes
the Huang—Huai Basin region (110-120°E, 30-36°N). Dots indicate regions where Z500 differences are statistically significant at the 90% confidence level based on

Welch's r-test.

coherent and slowly evolving circulation regime supports stable ensemble behavior, as reflected by persistent
negative EFI values and positive CRPSS. In contrast, the transition to flooding requires a rapid reorganization of
the mid-tropospheric circulation and an abrupt strengthening of monsoonal moisture transport, processes that are
highly sensitive to amplitude and timing errors and therefore more difficult to predict.

Further insight into the sources of predictability is provided by the latitude—time and longitude—time cross sec-
tions in Figure 11. Differences in Z500 reveal significant large-scale anomalies emerging as early as 6 June,
forming a meridional dipole with negative anomalies over northern East Asia and positive anomalies to the south.
This dipole intensifies and shifts westward and equatorward as the transition approaches, reflecting the devel-
opment of a Rossby wave train and the westward extension of the western Pacific subtropical high. These slowly
evolving mid-tropospheric circulation anomalies constitute the dominant long-lead precursor that distinguishes
successful from unsuccessful forecasts. In contrast, differences in ROT850 exhibit more localized and westward-
propagating features, while PV anomalies remain weak and spatially fragmented. These results indicate that
upper-level PV forcing plays a secondary role compared with mid-tropospheric circulation and monsoon-related
processes in Case 3.

LI ET AL.

16 of 22

85U8017 SUOWILIOD A1 3(edt|dde 8y} Aq paueAob a8 S3o1e YO ‘@SN JO S9N 10} Afeiq 1 8UIIUO A8]IA UO (SUONIPUOD-PUE-SWR}ALI0Y A8 1M ARRIq 1 BUTIUO//SANL) SUOTIPUOD pUe SW | 8U1 89S *[9202/0T/20] Uo ArigiTauluo A8|im * SOBAUd dLieydsowny JO uonninsu| - 17 Bueixunyd Aq 5299¥0Ar9zZ02/620T 0T/10p/w0d"Ae 1M Aiq1jeut|uo'sandnBey/sdiy woiy pepeojumod ‘6T ‘9202 ‘96686912



10.1029/2026JD046625

20N

Jul21
Jul1é
Jult1
Jule
Jult
Jun26
Jun21
Jun16é
Junti
Jun6

60N

- 40N

20N

1 :
Jul21
3 J: Jul1e

~ Jul11

<N T ][ e <@ [ [ [ [
6 9 -36 24 12 0 12 24 36 -18 -12 -06 0 06 12 1.8

Figure 11. Same as Figure 5, but for Case 3. Latitude—time (top row; averaged over 110°E—120°E) and longitude—time (bottom row; over 32°N) composites of
differences between successful and unsuccessful ensemble members (successful minus unsuccessful) are shown for the forecast initialized on 6 June 2024. Variables
shown are ROT850 (left), Z500 (middle), and PV (right). The gray shading denotes the Drought—flood abrupt alternation period (19-30 June). Dots indicate regions
where the differences in the corresponding variables are statistically significant at the 90% confidence level based on Welch's #-test.

4. Discussion

This section provides a physical interpretation of the subseasonal predictability features identified in Section 3,
with emphasis on the roles of large-scale circulation evolution and drought-to-flood transition mechanisms. It
synthesizes common characteristics across the three events, examines how differences in dominant transition
processes modulate forecast skill, and discusses implications for subseasonal prediction of compound
drought—flood events, together with key limitations and future directions.

4.1. Common Subseasonal Predictability Characteristics Across the Three DFAA Events

Despite pronounced differences in seasonality, transition duration, and dominant forcing mechanisms, the three
DFAA events analyzed in this study share several common features in their subseasonal predictability. These
shared characteristics provide a useful basis for interpreting how different stages of drought—flood evolution are
represented in the ECMWF S28S ensemble forecasts, before considering case-specific differences.

Across all three cases, forecasts exhibit greater subseasonal skill during the drought phase than during the sub-
sequent drought-to-flood transition. This contrast can be understood in terms of the underlying circulation
evolution. Persistent drought conditions tend to be associated with slowly evolving, spatially coherent large-scale
circulation anomalies, for which error growth is relatively gradual compared to rapidly evolving synoptic-scale
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processes. As a result, ensemble forecasts exhibit greater internal consistency at subseasonal lead times during the
drought phase, as reflected by more sustained negative EFI signals and comparatively positive CRPSS values
over a broad range of lead times.

Another common feature is the role of mid-tropospheric circulation anomalies in shaping subseasonal predict-
ability. Successful ensemble members are typically characterized by more coherent and better-amplified Z500
anomaly patterns than unsuccessful members. These anomalies are frequently linked to Rossby wave trains and
subtropical-midlatitude coupling and tend to emerge approximately 10-30 days prior to the observed transitions.
The timing of these signals suggests that large-scale circulation evolution provides useful information on drought
persistence and the evolving background state preceding abrupt transitions, rather than directly determining the
occurrence or intensity of extreme rainfall. These circulation precursors should therefore be interpreted as in-
dicators of enhanced probabilistic predictability rather than deterministic predictors of DFAA occurrence.

Consistent with these results, ensemble members exhibiting stronger and more coherent Z500 anomaly patterns
generally show improved representation of precipitation evolution, including more realistic timing and spatial
organization of rainfall. This correspondence suggests that mid-tropospheric circulation anomalies provide a
dynamically consistent large-scale framework within which precipitation anomalies develop, thereby supporting
enhanced subseasonal forecast skill.

In contrast, forecast skill consistently decreases during the transition period and flood onset, when accurate
prediction depends on the timing and intensity of rapidly evolving triggering processes. This reduction in skill is
manifested by increased ensemble spread, weaker EFI signals for wet extremes, and reduced CRPSS across all
three cases, indicating heightened sensitivity to short-term dynamical uncertainties. The increase in ensemble
spread during the transition period reflects not only reduced predictability but may also indicate physically
meaningful uncertainty arising from differences in the evolution of key circulation features among ensemble
members, particularly in cases influenced by rapidly evolving synoptic processes. Because successful classifi-
cation requires both drought persistence and the subsequent transition to satisfy the event criteria simultaneously,
the event-based success ratio should not be interpreted as an isolated measure of forecast skill for either phase or
as an absolute measure of overall forecast quality. Some ensemble members may reproduce one phase more
successfully than the other while failing to satisfy the complete event criteria. Instead, the higher predictability
during the drought phase is supported jointly by EFI, CRPSS, and circulation diagnostics.

4.2. Key Contrasts Among the Three Cases: Role of Transition Mechanisms

Despite these shared predictability characteristics, the three cases exhibit notable differences in forecast behavior
that are closely related to their dominant transition mechanisms. In particular, the degree to which large-scale
circulation predictability translates into usable subseasonal forecast skill varies depending on whether the
drought-to-flood transition is governed by gradual large-scale adjustments or by rapidly evolving synoptic
forcing.

The early summer 2024 Huang—Huai Basin event exhibits relatively higher subseasonal predictability compared
to the other cases. Its drought-to-flood transition is primarily associated with gradual monsoon-related circulation
adjustments, including the westward extension of the western Pacific subtropical high and enhanced large-scale
moisture transport. The relatively slow and organized nature of this transition allows ensemble members to
converge toward a broadly consistent circulation evolution, leading to higher success ratios even at longer lead
times.

By comparison, the summer 2023 North China Plain event shows markedly reduced predictability during the
transition period. Although drought persistence is reasonably captured at extended leads, the subsequent flooding
is triggered by member-dependent typhoon forcing associated with Typhoon Doksuri. The representation of the
typhoon-related circulation is mainly confined to the lower troposphere and is highly sensitive to small-scale
structural differences, with limited expression in mid-tropospheric height fields. Consequently, ensemble fore-
casts display weak and spatially inconsistent EFI signals for wet extremes, accompanied by large internal
divergence, indicating strong dependence on short-lead initialization.

The autumn 2022 Eastern China Plain event represents an intermediate regime. Its transition is influenced by
coherent mid-tropospheric circulation precursors without strong tropical cyclone involvement, allowing for
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moderate predictability at intermediate lead times. However, the relatively abrupt nature of the transition still
constrains forecast skill compared to the more gradually evolving 2024 case.

Together, these contrasts suggest that the dominant transition mechanism—gradual large-scale adjustment versus
rapid synoptic forcing—modulates the extent to which large-scale predictability can be translated into usable
forecast skill.

4.3. Implications for Subseasonal Prediction of Compound Drought-Flood Events

The cross-case synthesis provides several process-oriented implications for subseasonal prediction of DFAA and
related compound events. Across the three cases, predictability at subseasonal lead times is most consistently
associated with slowly evolving mid-tropospheric circulation anomalies, which offer physically interpretable
information on drought persistence and the evolving background state prior to abrupt transitions.

However, the degree to which this large-scale predictability is reflected in precipitation forecasts depends
strongly on the nature of the transition process. The monsoon-related event is associated with relatively higher
and more stable forecast skill, whereas the tropical cyclone—influenced event exhibits greater ensemble diver-
gence and reduced reliability during the transition period. This contrast highlights the importance of dis-
tinguishing between background circulation precursors and short-term triggering processes when interpreting
ensemble forecasts.

These interpretations are broadly consistent with previous studies emphasizing the roles of large-scale circulation
and background thermodynamic conditions in DFAA evolution (e.g., Ding et al., 2025; Wang et al., 2025), as well
as the inherent predictability limitations associated with typhoon-related extreme rainfall (Yin et al., 2025). The
present results extend these findings by placing them within a subseasonal prediction framework and demon-
strating how different physical processes govern forecast skill at different stages of DFAA evolution.

From an operational perspective, the results suggest that interpretation of subseasonal ensemble forecasts should
place greater emphasis on slowly evolving large-scale circulation signals, which may provide useful guidance for
real-time subseasonal monitoring of favorable background conditions for DFAA development, while explicitly
accounting for the increased uncertainty associated with rapidly evolving transition processes. Such a process-
oriented perspective may facilitate the interpretation of probabilistic forecasts, support early warning of
elevated DFAA risk, and contribute to future improvements in the operational prediction of DFAA events over
eastern China.

4.4. Limitations and Outlook

Several limitations of this study should be acknowledged. The analysis is based on three objectively identified
events, reflecting both the rarity of well-defined DFAA cases and the limited availability of ECMWF S28 real-
time forecasts. While the consistency of circulation-related signals across these cases supports the proposed
physical interpretations, the findings should be regarded as case-informed rather than statistically comprehensive.

The three cases examined here were selected to represent distinct types of DFAA transitions, including monsoon-
related large-scale adjustment, typhoon-induced rapid forcing, and intermediate regimes influenced primarily by
midlatitude circulation. Although not exhaustive, these cases span a range of dominant transition mechanisms and
therefore provide a physically meaningful basis for interpreting subseasonal predictability across different DFAA
regimes.

Additional uncertainty arises from the objective identification of DFAA events. The detection of short-term
drought—flood transitions is sensitive to the choice of indices, thresholds, and temporal scales, particularly
regarding the definition of transition timing (Zhao et al., 2025). Although the SPI-based criteria used here are
designed to capture high-impact events relevant for subseasonal analysis, alternative definitions may yield
different samples. Modest adjustments to the event-identification thresholds may influence the precise timing of
transitions and the number of successful ensemble members; however, such changes are unlikely to qualitatively
alter the principal conclusions of this study. This is because the main findings are supported jointly by EFI,
CRPSS, and circulation diagnostics rather than by the event-based success ratio alone. In particular, the
conclusion that forecast skill is generally higher during the drought phase than during the subsequent transition
period is expected to remain robust.
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Within this event-based verification framework, forecasts initialized very close to the observed transition may
underestimate event consistency because the available forecast window may not fully encompass the antecedent
drought phase required by the event definition. Consequently, some ensemble members that reproduce the
transition reasonably well may nevertheless fail to satisfy the complete event-based criteria. This methodological
limitation should therefore be considered when interpreting success ratios at the shortest lead times.

Finally, the focus on a single S2S prediction system limits the generality of the results. Future work should extend
this framework to multi-model S2S ensembles and longer hindcast records, enabling a more systematic evaluation
of predictability sources across different climatic backgrounds and transition types. Further progress will also
require improved diagnostics of tropical-extratropical interactions and other rapidly evolving synoptic processes
that currently constrain forecast skill during drought-to-flood transitions. Recent studies have also highlighted the
potential influence of large-scale inter-basin teleconnections and evolving Atlantic—Pacific interactions on
subseasonal-to-interannual climate variability (e.g., Ding et al., 2023; Tian et al., 2025), suggesting that broader
climate background states may further modulate the predictability of DFAA events. Incorporating these factors
into future multi-model analyses may further improve our understanding of the physical sources of subseasonal
predictability for DFAA events.

5. Conclusions

This study examined the subseasonal predictability of three objectively identified DFAA events over eastern
China using the ECMWF S2S ensemble prediction system. By analyzing forecast performance across different
stages of DFAA evolution, the study highlights how predictability varies between drought persistence and
subsequent drought-to-flood transitions.

Across the analyzed cases, forecast skill is generally higher during the drought phase than during the transition
and flood onset. This contrast suggests that different stages of DFAA evolution are associated with differing
levels of predictability, likely reflecting differences in the governing atmospheric processes and their charac-
teristic error-growth behavior. In particular, slowly evolving large-scale circulation anomalies tend to support
more consistent ensemble forecasts at subseasonal lead times.

The analysis further indicates that extended-range predictability is closely linked to the evolution of mid-
tropospheric circulation. Coherent Z500 anomaly patterns emerge approximately 10-30 days prior to the
observed drought-to-flood transitions and are more clearly expressed in ensemble members with higher forecast
skill. These signals provide useful information on drought persistence and the broader circulation environment
preceding abrupt transitions, although they do not directly determine the timing or intensity of extreme rainfall.

In contrast, forecast skill tends to decrease during the transition period and flood onset, when prediction depends
on rapidly evolving triggering processes. Tropical cyclone-related circulation and associated moisture transport,
in particular, introduce substantial ensemble spread and timing uncertainty, limiting subseasonal forecast reli-
ability even when large-scale conditions are reasonably captured.

Taken together, the results emphasize the value of monitoring large-scale mid-tropospheric circulation as part of
extended-range early-warning efforts for DFAA events, while also highlighting the intrinsic limitations of current
S28 systems in predicting the precise timing and magnitude of abrupt flooding onset. Although based on a limited
number of cases and a single prediction system, the findings offer a process-informed perspective on subseasonal
predictability of compound drought—flood extremes in monsoon-affected regions.
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