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Abstract 

Transitions between droughts and floods can exacerbate the impacts of the individual events and present a complex challenge 

for water resource management: sudden or frequent transitions between dry and wet conditions can negatively impact water 10 

availability, water quality, agricultural productivity, and cause damage to water infrastructure. Despite these potentially severe 

impacts, such transitions have, until recently, received less attention in the international literature than their component 

extremes. In the UK, there has been no systematic assessment of the occurrence of transitions, despite growing interest given 

a series of recent swings between floods and droughts.  

Given this gap, we assess present-day and future transitions using national river flow and precipitation projections from the 15 

enhanced future Flows and Groundwater (eFLaG) dataset for 1989-2079 over 200 UK catchments. We identify transition 

events as the period between consecutive yet opposite extremes at seasonal timescales, using a threshold method to demarcate 

extreme wet and dry events for both river flow and precipitation to understand the magnitude, duration and frequency of both 

hydrological and meteorological transitions.  

Our results reveal the spatial distribution of transitions in the UK, with higher intensity transitions in the north-west and longest 20 

durations in the south-east. We compare hydrological and meteorological transitions and find similar spatial patterns between 

the two but a stronger seasonality and generally shorter durations for meteorological transitions. Most regions of the UK are 

projected to see an increase in transition magnitude, a decrease in duration and therefore more intense transitions in the future. 

The south-east sees the largest decreases in transition duration under future projections. The frequency of hydrological 

transitions is projected to increase in the north-west and in all regions for meteorological transitions. Our findings demonstrate 25 

the risk of increasing hydrological volatility across the UK, with implications for water resources management and climate 

adaptation. 

1. Introduction 

Although droughts and floods exist at opposite ends of the hydrological regime, their consecutive occurrence can significantly 

impact water resource management (Brunner, 2023), highlighting the need to understand and anticipate these complex events. 30 
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Transition events – temporally compounding events consisting of a switch from one extreme to the other – are becoming a 

rapidly widening area of research within the hydrological research community (Barendrecht et al., 2024). Transitions have 

been presented under a variety of pseudonyms in the existing literature, with differing definitions and event identification 

approaches employed over a range of timescales. Examples include hydrological whiplash (Hammond et al., 2025), 

hydroclimate volatility (Swain et al., 2025a) and drought-to-flood events (Matanó et al., 2022, 2024), among others. Alongside 35 

the growing research interest in transitions, there is also a growing media attention to such events – largely picked up by 

buzzwords such as ‘whiplash’. 

Many communities are susceptible to both droughts and floods. When these events follow in relatively quick succession (i.e. 

a transition event) impacts of the individual component events can be exacerbated, in part due to communities and 

infrastructure not having time to recover from the first extreme event before the opposite extreme event follows  (Brunner et 40 

al., 2021b; Kreibich et al., 2022). Moreover, transitions between droughts and floods can negatively impact water quality, 

agricultural productivity, and water management infrastructure, among others, especially if water resources managers are taken 

by surprise by sudden transitions from one extreme to another (van Vliet et al., 2023), with wider implications for public 

health, food and water security, and infrastructure (Jaroszweski et al., 2021).  It is therefore important to consider not just 

droughts and floods in isolation but also the transitions between droughts and floods and vice versa.  45 

1.1. Hydrological Wet-Dry and Dry-Wet transitions 

In many areas of the world, the frequency, intensity and severity of droughts and floods are increasing, and are expected to 

continue to do so with further climate change (IPCC, 2023) However, it is unclear whether the persistence of wet and dry 

periods is increasing or whether an overall increase in hydrological volatility - with frequent and rapid switches between floods 

and droughts, is to be expected (Swain et al., 2025a).  50 

Increasing hydrological variability poses challenges for water resources management, with current policy and practices 

designed for only a given range of variability. Many risk reduction measures in place for one hydrological extreme can be 

unintentionally detrimental in the management of the opposite extreme (Kreibich et al., 2022; Ward et al., 2020). For example, 

discharging water during a flood due to expected further flooding may exacerbate water scarcity during a subsequent drought.  

Management measures may be rendered less effective at mitigating the hazard they were designed for when impacted by the 55 

opposite extreme – such as increased erosion due to flooding causing sedimentation in reservoirs and reducing storage 

capacities – as summarised by Ward et al. (2020). If suitably severe, flood and drought events typically require some level of 

emergency response that requires mobilisation, requiring the relevant authorities to swiftly reorganise and reallocate funding; 

if the opposing extreme were to happen subsequently, this can make it very challenging to re-prioritise and marshal suitable 

resources (Leonard et al., 2014). Transitions also change the reaction time required from decision makers (Hammond et al., 60 

2025; Muñoz-Castro et al., 2026). Thus, transitions demonstrate a particular challenge for water resource management and 

require significant changes in traditional water management practices, yet, currently, there exist fewer studies on such 

transition events in comparison to research directed at the component extremes in isolation. 
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Studies into hydrological transitions, along with a lot of the attention in the news media and wider society, have largely focused 

solely on drought to flood transitions (e.g. Matanó et al. 2024; He and Sheffield 2020). Transitions from flood to drought are 65 

rarely considered in hydrological transition studies, mostly due to the assumption that following a flood, sufficient water would 

remain stored to buffer the impacts of a subsequent drought. However, this is not often the case, especially for areas with 

limited storage capacity, as illustrated by the transition from flooding in November 2009 (Miller et al., 2013) to the fast-

developing drought in spring 2010 in northwestern UK (Kendon et al., 2013). Furthermore, flood impacts are usually apparent 

during or immediately after the event, whereas drought impacts can have a much slower and less well-defined onset and so, 70 

whilst there may be a sudden switch in state from wet to dry, the impacts may not follow immediately resulting in such events 

not registering in the collective consciousness as transitions. However, wet-dry transitions can still be particularly impactful, 

for example wet-dry transitions across the growing season and wildfire season have been linked to an elevated wildfire risk 

(Swain et al., 2025b). In addition to challenges in preparedness and redistribution of resources at short notice, wet-dry 

transitions (alongside volatility more generally) can also lead to problems in communication between water managers and 75 

water users. A perceived lack of water availability soon after flooding can present difficulties in risk communication with 

potential mistrust and a lack of uptake of management measures under traditional communication narratives and instead 

requires consideration of how best to meaningfully communicate alternating drought and flood risk during transitions (Shaw 

and Corner, 2016). 

Although transitions are an emerging focus in hydrological research, there have been many severe and impactful transition 80 

events documented globally. The Millenium Drought in Australia (2000-2010; e.g. Van Dijk et al., 2013) was quickly followed 

by widespread flooding in southern and eastern Australia in 2010 (Barendrecht et al., 2024), with socio-economic and 

environmental impacts (MacMahon et al., 2015). Other examples include the 2022 floods in Pakistan which, following a 

drought period, caused displacement and loss of life  (FloodList, 2025; Khan et al., 2022); and the 2021 flooding in Chile 

during the dry season which impacted agriculture and infrastructure (Valenzuela et al., 2022). 85 

1.2. Transitions in the UK 

In recent years, the UK has experienced a number of extreme flood events and drought events that have been closely 

interspersed, mirroring an increase in hydroclimatic volatility in line with global findings (Swain et al., 2025a). Just within the 

last decade, alternating UK drought and flood events include the 2015/2016 floods (Barker et al., 2016a), 2018 drought (Turner 

et al., 2021), 2019-2021 floods (Griffin et al., 2025), 2022 drought (Barker et al., 2024), 2023/24 floods (Chan et al., 2025b), 90 

followed by most recently the 2025 drought (Carbon Brief, 2026). This recent hydrological volatility, and the expected 

increased variability of the future UK climate, highlights the need to understand and better prepare for transitions. Many 

transitions are associated with anomalies to the usual seasonal pattern and so seasonal river flow and climate trends towards 

wetter winters and drier springs in the UK (Hannaford et al., 2025) may further encourage the occurrence of transitions. 

Historical examples of transitions in the UK include the 1976 drought – widely considered one of the most impactful and 95 

severe droughts in the historical observations (Rodda and Marsh, 2011) –   which was abruptly terminated in the autumn of 
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1976 by months of high rainfall (Parry et al., 2013). The most notable example in recent years is the 2010-2012 drought 

(Kendon et al., 2013) which was preceded by flooding in the northwest (Miller et al., 2013) and ended with further widespread 

flooding and the wettest April-July period for England and Wales in nearly 250 years (Parry et al., 2013). Impacts were 

widespread and affected many sectors: reduced agricultural yields, crop losses and contamination of agricultural land; damage 100 

and disruption to road and rail infrastructure; destruction of ecological habitats (Parry et al., 2013).  Many of the reported 

impacts were related to flooding, although these could have been exacerbated by the preceding drought. However, Parry et al. 

(2013) also suggested that the dry period before the floods could moderate flood impacts, and that the succeeding wet period 

helped alleviate water resource concerns – a potential benefit that is not always considered in the framing of transitions. While 

the end of the drought has been well studied, the 2010-2012 drought was, in effect, bracketed by transitions, with the onset 105 

being a notable example of a wet-dry transition. In northwest England, November 2009 saw catastrophic flooding (Miller et 

al., 2013) but following an exceptionally dry start to the year, concern rapidly switched to drought as reservoir levels 

plummeted in the same region, leading to water use restrictions in the early summer (Parry et al., 2013).   

Despite these historical examples, there have been very few previous studies investigating transitions events in the UK. 

Motivated by the extreme 2010-2012 transition, Parry et al. (2016a) assessed drought termination in the UK, primarily focusing 110 

on the end of a drought (i.e. recovery from drought to “normal” conditions) rather than the temporally compounding extremes 

of transitions. That is, Parry et al.’s definition considers only part of a transition event, but does not go as far as considering 

any subsequent excess that may be associated with flooding. Parry et al. (2016b) noted how some historical droughts do in fact 

end with flooding (as in the totemic 2010-2012 case) but many end far less dramatically with a slow return to normal 

conditions. The work of Parry et al., (2016a, b) is also focused on historical occurrence of drought recovery, but until recently 115 

there have been no assessments of whether transitions in the UK may become more severe under climate change. While recent 

volatility has certainly led to much speculation of changing transitions, there remains a need to quantify how extremes may 

evolve under anthropogenic warming. While the UK has a rich literature investigating future projections of floods or droughts, 

a great majority focus on one or other extreme separately, using very different event definitions and metrics (e.g. comparing 

projections of future hydrological drought (e.g. Parry et al., 2024) and floods (e.g. Griffin et al., 2024) based on the latest 120 

national climate projections). Some studies have assessed future floods and droughts together (e.g. Collet et al., 2018; Lane 

and Kay, 2021) to identify ‘hydro-hazards hot-spots’ but these studies have not addressed transitions between the two extremes.  

1.3. Aims and Objectives 

We aim to fill these current gaps by carrying out the first comprehensive analysis of present-day and potential future changes 

in the characteristics (magnitude, duration, intensity, and frequency) of seasonal or longer hydrological and meteorological 125 

transitions in the UK over the 21st Century, for both time slices and transient changes, using multiple hydrological models.  

Our key objectives are to: i) quantify historical meteorological and hydrological transitions using observation-driven multi-

model hydrological simulations, ii) investigate potential future changes in the magnitude, frequency, duration and intensity of 
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transitions and iii) compare the characteristics, spatial distribution and future changes between meteorological and hydrological 

transitions.  130 

2. Data and Methods 

2.1. Data 

Figure 1 summarises the data and methods used in this study. We identify and analyse transition events using the Enhanced 

Future Flows and Groundwater (eFLaG) dataset (Hannaford et al., 2022, 2023), which provides a set of nationally consistent 

river flow projections across the UK, for 1980-2080, based on the latest national climate change projections for the UK 135 

(UKCP18; Lowe et al., 2018). The UKCP18 regional projections underpinning the eFLaG river flow projections consists of a 

perturbed parameter ensemble of 12 regional climate model simulations at 12km resolution following the RCP8.5 emission 

scenario, representing the upper range of projected global emissions scenarios (Lowe et al., 2018).  We use the UKCP18 

catchment average rainfall and simulated river flows driven by UKCP18 (abbreviated as SimRCM) for 200 catchments in the 

UK (Figure 2), from four hydrological models: Grid-to-Grid (G2G; Bell et al., 2007), Génie Rural à 4 paramètres Journalier 140 

(GR4J; Perrin et al., 2003), Génie Rural à 6 paramètres Journalier (GR6J; Pushpalatha et al., 2011) and Probability Distributed 

Model (PDM; Moore, 2007). G2G is a national gridded hydrological model at 1km resolution while the others are lumped 

catchment hydrological models. Note that the G2G model does not include Northern Ireland and five other catchments where 

no suitable outlet could be located on the 1km river network, and so only includes 186 catchments in Great Britain. Further 

details of the climate data pre-processing, including bias correction procedure and hydrological modelling can be found in 145 

Hannaford et al. (2023).  

There are two sets of model outputs in eFLaG – a SimObs run (i.e. observation-driven simulation) and SimRCM runs (i.e. 

driven by the Regional Climate Model simulations). In this study we use both, for different purposes. The SimObs runs were 

generated by driving the four hydrological models with observed data from the HadUK-Grid meteorological dataset (Hollis et 

al., 2019). This provides a proxy for observed historical river flow data. The SimRCM runs do not attempt to replicate actual 150 

‘weather’ but rather evolve according to the transient response of the RCM – and only replicate the long-term statistics of 

regimes rather than the day-to-day weather. Hence, SimObs allows us to look more realistically at transitions in detail in the 

present-day instead of actual river flows observations, as this allows consistency between the current and future periods (i.e. 

we are comparing hydrological model runs with each other). Previous assessments have already demonstrated that the SimObs 

runs generally perform well against observations, although inevitably there are inherent biases which would limit the value of 155 

comparing historical observed transitions with future model-based assessments (Hannaford et al., 2023).  

In comparison, SimRCM data (i.e. simulated river flows driven by the UKCP18 Regional Climate Model projections) are 

available for the full 1980-2080 period for 12 ensemble members. Simulated river flows from eFLaG are assessed over three 

time-slices: Baseline (BL; 1989–2018), Near Future (NF; 2020–2049), and Far Future (FF; 2050–2079). The baseline time 

slice in SimRCM is used for comparison with future changes within each RCM run. We also appraise the ability of the RCM 160 
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to capture observed transitions by comparing the baseline period in both SimObs and SimRCM, to provide added confidence 

in our future RCM projections.  

 

Figure 1 – Schematic summarising the data used in this study. The upper flow chart shows the data and processing used. The 

schematic in the dashed box illustrates the use of each model output, as discussed in Section 2.1.  165 
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Figure 2 – eFLaG stations (round markers) and administrative regions of the UK used in UKCP18 (shaded regions). Stations not 

included in G2G are shown with hollow markers. The number in brackets indicates the number of stations within the region.  

2.2. Standardised Indices 

Simulated river flows from the four hydrological models were used to calculate Standardised Streamflow Index (SSI) for each 170 

catchment, following the methodology in Svensson et al. (2017).  SSI is a widely used indicator in drought monitoring, 

facilitating the analysis of river flows in comparison to typical conditions for the time of year (Barker et al., 2022). SSI was 

calculated by fitting a Tweedie distribution to monthly mean of the daily simulated river flows, concluded to be the most 

appropriate probability distribution for calculating SSI for UK catchments (Svensson et al., 2017). SSI over the historical 

period was calculated using simulated observed (SimObs) river flows over the 1982-2018 period. The same period was used 175 

to calibrate SSI distribution parameters from simulated river flows from each of the 12 UKCP18 ensemble member (i.e. 

SimRCM). The calibrated Tweedie distribution parameters for each ensemble member are then used to calculate SSI for the 

entire 1982-2080 period, creating internally consistent time series of SSI for each ensemble member and each hydrological 

model. By extending our methodology to include calculating SSI, we reduce model differences in comparison to transitions 

identified from raw modelled flows. 180 

The Standardised Precipitation Index (SPI; Mckee et al., 1993) was calculated for the same catchments for comparison between 

hydrological and meteorological transitions. SPI was calculated in the same manner as SSI but rainfall over the 1982-2018 

period was fitted with the standard gamma distribution instead. SPI was calculated using simulated rainfall from the 12 
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ensemble members in UKCP18 (corresponding to SSI SimRCM). For both SPI and SSI, we use the 3-month accumulation 

period (SPI-3 and SSI-3) to focus on meteorological and hydrological transitions at a seasonal time scale. 185 

The use of standardised indicators allows for a simple single threshold approach for extracting extreme events from a given 

time series. The ability of standardised indicators to capture long-term anomalies from the mean was also a key consideration, 

as this enables analysis of extremes and transitions on timescales relevant to water resource management.  A further advantage 

of the methods used is that the same thresholds for extracting transitions are applied for all catchments without the need to 

vary thresholds and criteria per catchment or index. This aids comparison across catchments and between meteorological (SPI) 190 

and hydrological (SSI) transitions. 

2.3. Defining and characterising transition events 

Whilst temporally compounding events have been studied extensively following the framework in Zscheischler et al. (2020), 

much of the previous work has largely focused on transitions in meteorological extremes, such as rapid swings in temperature 

(e.g. DeGaetano & Lim, 2020) or precipitation (e.g. Chen & Ford, 2023; Ford et al., 2021). One challenge of choosing to take 195 

a more hydrological view is the many ways in which droughts and floods, and consequently, transitions between the two, can 

be defined. 

Transitions between hydrological extreme events can be defined in different ways, with the selected method affecting the 

number, timing and characteristics of identified transition events (Anderson et al., 2025), as for the extreme events themselves 

(Coles and Eslamian, 2017; Eslamian and Eslamian, 2022). The wide array of technical definitions can make it difficult to 200 

compare across approaches, but no single approach is definitive, and the method used should be selected to ensure that the 

transition events captured are meaningful to the sector(s) of interest. Here, we aim to focus on transitions on a broadly seasonal 

or longer timescale rather than sudden transitions over shorter timescales of days or weeks as these are more relevant to water 

resource management, where such significant shifts have the greatest impact on water availability planning. Given our focus 

on seasonal transitions, we are looking strictly at transitions between periods of wetter (higher flows) and drier (lower flows) 205 

than normal conditions, rather than between individual drought and flood events per se – although of course the periods of 

wet/high or dry/low flows often correspond to major flood or drought events. 

In this study, we define a transition event as the period between two consecutive but opposite extremes (Figure 3). These wet 

and dry extremes are identified on a monthly timescale by applying a threshold method to a time series of SPI/SSI (Section 

2.2). If an extreme event is followed by another of the same type, the first extreme event is not considered. We consider only 210 

the last extreme event before an extreme of the opposite sign (Figure 3). For example, if two consecutive dry seasons are 

followed by a wet event, only the last pair of events is taken as a transition. This method effectively means that we consider 

the transition event to be from the ‘end’ of one extreme (or period) to the ‘start’ of the subsequent opposite extreme.   

Three SPI/SSI thresholds are used to identify extreme events, giving rise to three different categories of transition event: 

moderate (-1 and +1), severe (-1.6 and +1.6), and extreme (-2 and +2), corresponding to confidence intervals of ~68%, ~90%, 215 

and ~95% respectively. In all cases, the negative threshold is used to identify dry events and the positive threshold for wet 
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events. The selected thresholds are applied consistently across the future periods (BL, NF, FF), meaning we can compare the 

transitions identified across periods, rather than using time-varying thresholds based on the conditions of each period (Tanguy 

et al., 2023).   

We define four key transition metrics to aid in the characterisation of transitions: duration, magnitude, intensity, and frequency 220 

(Figure 3). Duration, the length of the transition event, is defined as the time between the onset and end of the transition event 

in months, with onset being the month that exceeds one threshold and end being the next month that crosses the opposite 

threshold. Magnitude is here taken as the difference in SSI (or SPI) value between the two opposite extremes making up the 

transition event. Intensity is calculated as the magnitude of the event divided by its duration (i.e. the gradient of change between 

the two opposite extreme events). Frequency is expressed as number of transitions per decade, a timeframe selected to provide 225 

interpretable and meaningful values.  

To assess the seasonality of transitions, we calculate the modal calendar month of transition occurrence based on the end month 

of each event to include the period when impacts are felt the most, following a similar approach to Götte and Brunner (2024). 

 

Figure 3 – Schematic demonstrating the identification of extreme events and transitions. Extreme events over the given threshold 230 
(dashed grey line) comprising a transition are denoted by solid red markers, whilst extreme events discounted from transition 

identification are shown by hollow red markers. Shaded red periods represent a wet-dry transition and shaded blue periods a dry-

wet transition.  

3. Results 

We present our results in two parts – firstly, characterising historical transitions in the UK, followed by projected changes in 235 

these transitions and their associated characteristics. 
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We first quantify the differences in transition metrics across the four hydrological models. Figure 4 shows mean regional 

transition intensity (accounting for both magnitude and duration) for each time slice across the four models for SimRCM and 

SimObs, and wet-dry and dry-wet transitions. Differences between hydrological models, particularly in the SimRCM 

transitions are not notably large, with the exception of the G2G model which shows a larger spread in the SimObs transitions 240 

in some southern and southwestern regions of the UK, and more so for wet-dry transitions. 

 

Figure 4 – Boxplot representing region-averaged intensity (no units) of severe (threshold ±1.6) hydrological (SSI) transitions for 

each hydrological model (GR4J, GR6J, PDM, G2G). 

3.1. Characterising historical transitions 245 

Historical transitions are assessed using observation-based data over the baseline (BL) period (SimObs; 1989-2018). Although 

they are subject to hydrological model uncertainty, consistency with future projections is maintained. We also compare 

hydrological transitions in the SimObs data against SimRCM data over the same period to evaluate the suitability of the 

ensemble projections in representing historical transitions. Past studies have confirmed the UKCP18 projections to be suitable 

for reproducing rainfall patterns in the UK (e.g. Tanguy et al., 2023) and so comparisons between meteorological transitions 250 

in the SimRCM data and observed rainfall are not shown here. 

For each transition metric (magnitude, duration, intensity and frequency) we find a similar spatial pattern, with a northwest-

southeast gradient in hydrological (SSI) transitions using SimObs (Figure 5). Transitions in the northwest generally have a 

shorter duration, and therefore a higher intensity, than those in the southeast where some catchments show a mean transition 

duration of 30 months or longer. There is also a higher frequency of transitions in the northwest. These patterns are well-255 

captured in the SimRCM transitions (Figure 5). This northwest-southeast divide is a common pattern in UK hydrology, as 
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many catchments in the southeast are groundwater dominated and slower to respond (hence longer duration, lower intensity 

and frequency of transitions), whilst catchments in the northwest are flashier (Figure S1). A few catchments in the southeast 

show notably high duration and low intensity transitions (Figure 5). These stand-out catchments, situated in the chalk aquifer 

north of London, are heavily influenced by groundwater levels and do not respond as quickly to meteorological extremes as 260 

other catchments which may contribute to longer transition events. However, our results also show the same NW/SE split in 

meteorological transitions (Figure 6) which are not influenced by the underlying geology.  

Meteorological transitions reflect the spatial gradient of average annual rainfall in the UK. Typically, the northwest is wetter 

than the southeast, with some catchments in western Scotland receiving in excess of three times the rainfall experienced in 

southeastern England (Figure S1). Consequently, the longest duration meteorological and hydrological transitions are found 265 

in southeast England, given its relative proneness to longer periods of dryness and fewer extreme wet periods (and hence an 

overall lower frequency of transition events in these catchments). At all catchments, the mean duration of meteorological 

transitions (Figure 6) is notably shorter than that of hydrological transitions (Figure 5).  

We see broadly the same spatial patterns in both dry-wet and wet-dry transitions for each transition metric (Figure 5), with the 

exception being duration and intensity (i.e. in the southeast where wet-dry transitions show notably longer durations – and 270 

therefore lower intensities than for dry-wet transitions). The large range of transition durations across the selected catchments 

confirm it is appropriate to focus on seasonal scale and longer transitions for the UK.  
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Figure 5 – Mean magnitude (no units), duration (months), intensity (no units) and frequency (transition events per decade) of dry-

wet and wet-dry severe (threshold ±1.6) hydrological (SSI) transitions for each catchment in the baseline period (1989–2018) using 275 
SimObs and SimRCM data. Note that the frequency of SimRCM transitions has been adjusted to account for the 12 RCMs to allow 

for direct comparison with SimObs. 
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Figure 6 - Mean magnitude (no units), duration (months), intensity (no units) and frequency  (transition events per decade) of dry-

wet and wet-dry severe (threshold ±1.6) meteorological (SPI) transitions for each catchment in the baseline period (1989–2018) using 280 
SimRCM data.   

Figure 7 shows the seasonality of transitions spatially, by mapping the modal season of transition occurrence at each catchment. 

We find a clear, and broadly expected difference between dry-wet and wet-dry transitions. Dry-wet transitions predominantly 

occur during the spring and summer whereas wet-dry transitions are more prevalent during the autumn, with some localised 

variations across catchments. This fits with expectations of UK hydrological regimes as spring and autumn are transitional 285 

seasons in the UK, when river flows tend to shift from drier to wetter states (or vice versa) – although of course these are 

modal seasons and transitions do occur at other times. Whereas there was good agreement between SimObs and SimRCM in 

the spatial patterns of the transition metrics, the timing of transitions is less well replicated in the SimRCM, both in general 

(Figure S2) and spatially (Figure 7). This has possible implications for projected transitions, suggesting that future projections 

using eFLaG data represent the number and extent of transitions well, but do not seem to capture the timing or seasonality of 290 

the transitions as accurately.  

In comparison with hydrological transitions, meteorological transitions show a more pronounced difference in seasonality 

between the two directions (Figure 7), although still show a similar seasonality to hydrological transitions (dry-wet in spring, 

wet-dry in autumn/winter). Meteorological dry-wet transitions are far more spatially coherent in their seasonality, and in the 

wet-dry transitions we see a northwest-southeast gradient, reflecting the spatial pattern in rainfall distribution across the UK.  295 
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Figure 7 – Modal season of transition occurrence of dry-wet (left) and wet-dry (right) severe (threshold ±1.6) hydrological (SSI) 

transitions in the baseline period (1989-2018) in SimObs (top) and SimRCM (bottom), using transition end month for dry-wet and 

wet-dry transitions. 300 
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3.2. Future transitions 

Figure 8 shows projected changes in transition metrics (magnitude, duration and intensity) as spread of the area averages over 

UK administrative regions to represent the ensemble uncertainty over the three time periods (BL, NF, FF). Transition 

magnitude is projected to increase for most regions of the UK between the baseline and far future period for both wet-dry and 

dry-wet transitions. For both directions of transition, all regions of the UK show decreased duration into the far future, although 305 

with some uncertainty in the magnitude of this decrease due to the overlapping ensemble/model spread. Increases in transition 

magnitude and decreased duration result in a projected increase in intensity across all regions of the UK (Figure 8). However, 

the projected changes are subject to large uncertainties, with substantial overlap in the ensemble distributions of transition 

magnitude and duration across present and future periods, suggesting that internal variability and uncertainty between different 

climate model parametrisations dominate the projected signal.  310 

The projected changes in transition characteristics described here are broadly the same for both wet-dry and dry-wet transitions, 

suggesting that, whilst their characteristics in the historical period are different, their magnitude and direction of change under 

future climate projections are similar.  

The largest decreases in transition duration are in southeastern catchments (East Midlands, East of England, and South East 

England) which had the longest duration initially due to the influence of groundwater and slow responding catchments. The 315 

decrease in transition duration indicates a shift from long multi-annual transitions in these regions towards seasonal switches 

between extremes, potentially the result of increased variability in a future climate, leading to more frequent and extreme 

swings away from average.  

Transient changes in frequency of transitions over a 30-year moving window (Figure 9) show the most notable increases in 

hydrological transition frequency in northwestern areas (Wales and North West England) over the 21st century, whereas the 320 

ensemble mean for other regions generally show less dramatic changes, although ensemble spread remains large. 

Meteorological transitions show a clearer positive trend and a narrower ensemble spread for all regions, other than East 

Scotland and North Scotland. Increases in frequency in all regions for meteorological transitions but only in northwestern 

regions for hydrological transitions suggests that meteorological transitions do not directly translate into hydrological 

transitions in all regions, e.g. regions with slower responding catchments and more storage effectively ‘buffer’ the hydrological 325 

response. The large model spread points to large internal variability and uncertainty amongst ensemble members in the eFLaG 

simulations, suggesting that projected changes in transitions over most of the UK remain uncertain and highlighting the need 

for improved process understanding and alternative methods to better constrain future projections (see 4.1 for further 

discussion).  
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 330 

 

Figure 8 – Boxplot representing region-averaged magnitude (no units), duration (months) and intensity (no units) of severe 

(threshold ±1.6) wet-dry and dry-wet hydrological (SSI) transitions for baseline, near future and far future with SimRCM using 

GR6J model. The spread of the boxplots (ranging from 5th-95th percentile, without outliers) represents the 12 RCM scenarios.  
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 335 

Figure 9 – Frequency (number of transitions per decade) of severe (threshold ±1.6) hydrological (SSI, left) and meteorological (SPI, 

right) dry-wet (top) and wet-dry (bottom) transitions using SimRCM for all models for whole period of study (1989-2079) for each 

region (excluding NI) calculated over a 30-year window, moving one year at a time. Shading shows the range of variability across 

hydrological models (for SSI only), RCMs and catchments within region, with the banding representing the 5-95th, 10-90th and 25-

50th percentiles from lightest to darkest. 340 

Figure 10 shows the proportion of transition events ending in each calendar month for the baseline, near future and far future 

periods for the whole of the UK, to assess the seasonality of transitions. We see a general increase in the number of transitions 

occurring in the future periods compared to baseline, along with a more pronounced seasonality of transitions. This may point 

to increasing extremes or volatility in the near-future period, in line with previous studies of individual extremes (Griffin et 

al., 2024; Parry et al., 2024), and a subsequent influence on transitions. Splitting transition events by direction shows a summer 345 

peak in wet-dry transitions and a winter peak in dry-wet transitions in future periods. Whilst we see a strengthening seasonality 

of transitions, the timing of the peak appears consistent into the future. Given the spatial distribution of transition metrics we 

find previously across the northwest and southeast of the UK, we assess the seasonality of transitions for two distinct regions 

(West Scotland, a northwestern region, Figure S3a and East of England, a southeastern region, Figure S3b). We see a clear 
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difference in the projected seasonality in the far future period for the two regions, with the region of faster responding 350 

catchments showing a far more pronounced seasonality. The peak in transition timing occurs mainly in January (dry-wet) and 

August (wet-dry) in the northwest, whilst there is more of a spread in the southeast with dry-wet transitions over spring and 

wet-dry over summer and autumn. Figure 10 also illustrates the projected increased number of transitions; both regions show 

an increase by the near future period, although the northwestern region then goes on to increase dramatically into the far future.  

Meteorological transitions also show a projected increased occurrence and stronger seasonality (Figure 10b), although with 355 

some key differences. There is generally a higher number of meteorological transitions occurring and the timing is slightly 

different than for hydrological transitions, with wet-dry meteorological transitions occurring in autumn and dry-wet in spring. 

This seasonality is already identifiable from the baseline period, much sooner than for hydrological transitions. This may be 

explained by the inherent lag between meteorological and hydrological extremes driven by underlying hydrological processes 

(Barker et al., 2016b), although further analysis would be required to fully explain the relationship between meteorological 360 

and hydrological transitions. 

Although we do not see a notable difference between dry-wet and wet-dry hydrological transition characteristics into the future 

(Figure 8), there is a clear difference in their seasonality (Figure 10). This suggests that whilst changes in the two transition 

types are of similar scale and direction, their changes are occurring during different times of the year. Meteorological 

transitions also show minimal differences between characteristics of future wet-dry and dry-wet transitions, apart from for 365 

intensity which is lower for wet-dry transitions in some regions (Figure S4).  
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Figure 10 – Seasonality of severe (threshold ±1.6) a. hydrological (SSI) and b. meteorological (SPI) transitions using SimRCM for 

all models, shown as a fraction of transition events ending in each calendar month for baseline, near future and far future periods 

for  dry-wet and wet-dry transitions. 370 

4. Discussion 

One of the key objectives of this study was to characterise current and future hydrological transitions in the UK, with a 

particular emphasis on the implications for water resource management. Current transitions are most common in northwestern 

UK where we also see the highest intensity transitions. Transitions in the southeast of the UK exhibit longer durations and 

subsequently lower intensities. The spatial patterns in our results indicate a strong association between hydrological and 375 

meteorological transitions in the UK, as shown in Brunner et al. (2025a) who find greatest propagation rates from 

meteorological to hydrological transitions for catchments in the UK. This is borne out by previous studies focusing on drought 

that also find a pronounced gradient in meteorological drought (e.g. Barker et al., 2016b; Folland et al., 2015) which is then 

further significantly amplified at a hydrological level. A more comprehensive characterisation of transitions over the historical 

period would necessitate the use of observed river flows or model-based reconstructions of river flows before instrumental 380 

records, which is beyond the scope of the current work.  
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Our results reveal some key differences between hydrological and meteorological transitions in the UK, namely a shorter 

duration and stronger seasonality of meteorological transitions in the baseline period, and an increase in frequency of 

meteorological transitions for all regions in future periods. Evaporative losses – which will increase in a warmer climate – will 

drive changes in river flows even without changes in precipitation. These differences between hydrological and meteorological 385 

transitions suggest that temperature may play a key role in transition occurrence, and transitions in SPEI, which accounts for 

evaporation, could be considered in further work. 

There is a general consensus that hydroclimate volatility (encompassing transitions) is expected to increase in the future. 

Globally, the frequency of seasonal and interannual hydroclimate whiplash has been shown to increase with continued 

anthropogenic warming (Swain et al., 2025a). In Europe, projections show increases in the occurrence of summer droughts 390 

ending in heavy precipitation (Steensen et al., 2025); in North America, transitions between wet and dry spells will increase 

in frequency and intensity under further warming (Na and Najafi, 2024); and in South Asia, the intensity (and duration) of 

transitions from dry to wet periods are projected to increase (and decrease) (Chen and Wang, 2022). In future periods, our 

results show a projected increase in the frequency of transitions, with the most notable increases also in northwestern areas. 

Southeastern regions show the largest projected decreases in transition duration whilst intensity is projected to increase for all 395 

regions. In their assessment of future transitions under different warming levels, He et al. (2026) also show an increase in the 

frequency of transitions in northwestern areas of the UK, although do not consider other transition metrics (e.g. intensity) to 

characterise further. There is a broad similarity in results as both studies are underpinned by the UKCP18 projections. A recent 

study by Lane et al. (2026) comparing UKCP18 with EuroCORDEX-UK found UKCP18 future drought projections to be 

more severe than others, meaning that whilst they capture extreme scenarios, they may not capture the full range of 400 

uncertainties in future drought impacts. This may in turn lead to an overestimation of mean transition magnitude.  

Most previous studies project an increase in intensity of both droughts and floods in the UK (Griffin et al., 2024; Parry et al., 

2024) which would, in itself, result in larger magnitudes of transitions. This intensification of the hydrological cycle in response 

to warming is expected to increase variability in rainfall and river flows, and hydrological volatility globally (Hammond et al., 

2025; Huntington, 2006; Lambert et al., 2025; Swain et al., 2025a). It should be noted that, under our methodology, an increase 405 

in the number of extreme events would not necessarily result in a corresponding increase in the number of transitions. If, into 

the future, we see more intense flood rich periods and drought periods becoming more drought prone, then this would not 

necessarily result in an increase in transition frequency. However, if, under climate change, we begin to see a more variable 

climate (more swings between wet and dry), this would result in an increase in the number of hydrological transitions. Our 

results of a general decrease in the duration of transitions, along with an increase in frequency, suggest a more unstable future 410 

climate with extremes more randomly distributed in time (Swain et al., 2025a). 

Our results thus demonstrate the need for a change from traditional water resource management to embracing management 

across the flood/drought continuum. This echoes previous calls for increased preparedness to both extremes and the need to 

manage them in conjunction, both in the UK (Hall and Murgatroyd, 2025; Wagener et al., 2021) and internationally (Ward et 

al., 2020). On a short-term management timescale, improved monitoring and early warning systems, as well as risk 415 

https://doi.org/10.5194/egusphere-2026-3154
Preprint. Discussion started: 11 June 2026
c© Author(s) 2026. CC BY 4.0 License.



21 

 

communication strategies, are needed to enable hydrological status to be tracked, forecasted and disseminated, and to integrate 

drought and flood response plans to identify potential linkages in mitigation responses (e.g. through adaptive reservoir 

management, Facincani Dourado et al., 2024). On a longer-term planning timescale, results highlight the benefits of improving 

storage in catchments to exploit increases in wet extremes to enhance resilience to subsequent dry episodes, both through 

reservoir development (as currently planned at a large scale across several areas of England) as well as through Natural Flood 420 

Management or Nature-Based Solutions (Kay et al., 2019). Infrastructure needs to be designed not only for more extreme or 

intense wet and dry events than currently specified, but also have flexibility built in to adapt for transitions and increasing 

hydrological volatility (Ficklin et al., 2022). 

4.1. Future Work 

In this study, we use standardised indices at monthly timescales which emphasise seasonal transitions, commonly referred to 425 

as ‘state switches’ (e.g. Hammond et al., 2025). Seasonal transitions are particularly relevant for water resource availability 

and necessitate differences in management responses. Frequent transitions pose a challenge to the conjunctive management of 

anomalously wet and dry periods, with successive hazards often leading to higher impacts and reduced effectiveness of 

adaptation measures when compared with singular hazards. A focus on seasonal transitions also allows us to include wet-dry 

transitions, which are typically experienced at seasonal rather than short timescales (Muñoz-Castro et al., 2026). By contrast, 430 

identifying ‘true’ drought-flood transitions requires methods that capture much more rapid changes transitions (Götte and 

Brunner, 2024), which primarily affect ecological and environmental systems (van Vliet et al., 2023) rather than water 

resources. Further, drought-to-flood transitions identified using alternative methods may not alleviate long-term water deficits 

established during a drought period, as short-duration floods can occur during a drought and be followed by a rapid return to 

dry conditions (Barendrecht et al., 2024). Given the distinct impacts associated with different transition types, careful 435 

consideration of transition definition is essential when selecting appropriate methodologies (Anderson et al., 2025). Future 

work could compare our results with ‘true’ drought and flood transitions using the same dataset, enabling a direct cross-

comparison.   

4.1.1. Drivers of transitions  

The driving mechanisms behind transitions are generally not fully understood at present, although in places they have been 440 

linked to large scale atmospheric circulation patterns (e.g. atmospheric blocking; Brunner et al. 2025b, or shifts in atmospheric 

regimes; Francis et al., 2023). A comprehensive analysis of rapid drought termination across the British and Irish Isles found 

that the majority of termination events in the winter season are associated with atmospheric rivers and high integrated water 

vapour transport (IVT) driving intense rainfall (Parry et al., 2023). The association between high IVT and drought termination 

was most notable in the fast-responding upland catchments of the northwest. However, extensive studies focusing on the 445 

drivers of transitions has not been done yet in literature. 
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Future work could make use of hydrological simulations driven by initial condition large ensembles (e.g. Brunner, Swain, et 

al., 2021; Chan et al., 2025) to not only analyse a larger sample of transitions but also investigate the meteorological drivers 

of hydrological transitions and whether transitions in different regions are driven by common climate drivers or occur simply 

by chance due to large internal climate variability.  450 

Results in this study use the eFLaG projections, which may under-sample overall uncertainty from both internal variability 

and between different climate model ensembles. This complicates our ability to disentangle the projected climate signal from 

internal variability and limits understanding of future scenario uncertainty. However, eFLaG is the only available dataset 

providing nationally consistent river flow projections with multiple hydrological models, making it the best option currently 

available. As new and improved hydrological projection datasets become available – for example, multi-model climate 455 

projections (e.g. Kay, 2025) or single model initial-condition large ensembles (SMILEs) – this provides an opportunity to 

better characterise different sources of uncertainties (i.e. climate model and internal variability) in future hydrological 

transitions (e.g. Na and Najafi, 2024). The different hydrological models within eFLaG represents hydrological processes in 

different ways and model performance over the historical period varies, with Aitken et al. (2023) showing a particularly large 

uncertainty in simulations of low flows between the models. The use of standardised indicators somewhat mitigates this by 460 

allowing consistent comparison between models. Future work could compare transition events identified using raw simulated 

flows for each model to investigate whether key hydrological processes are included in models to accurately capture the drivers, 

timing and intensity of hydrological transitions, building on existing work assessing how well models replicate hydrological 

extremes (e.g. McGrady et al., 2025) and their transitions (e.g. Muñoz-Castro et al., 2026).  

5. Summary and Conclusions 465 

In this study, we use nationally consistent river flow projections to evaluate the characteristics of historical and future 

hydrological transitions for the UK. Our analysis focuses on both the wet-dry and dry-wet transitions, drawing comparisons 

with the equivalent meteorological transitions.  

We find a general spatial pattern for both hydrological and meteorological transitions in the historical period, with northwestern 

areas of the UK experiencing higher intensity and frequency of transitions compared to the southeast where we see the longest 470 

duration transitions. We also identify general timing of transitions in catchments across the UK, which should in turn allow 

for water managers to be better prepared for these transition events.  

Our results show a projected increase in the intensity and occurrence of transitions across the UK in both near-future and far-

future periods (although uncertainty remains in the timing (seasonality) of these changes) reflecting projected increases in 

hydrological volatility elsewhere/globally (Steensen et al., 2025; Swain et al., 2025a). The projected intensity and frequency 475 

of transitions is highest in northwestern regions whilst the largest changes in transition duration are seen in the south-east 

where baseline duration was the longest in the baseline period. 
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We have emphasised the importance for extreme wet and dry events to be considered together rather than in isolation but also 

shown the added value and relevance of considering wet-dry transitions as these transitions can be equally impactful and 

challenging to manage, and are just as common, as their dry-wet counterpart.  480 

This study demonstrates the need to uptake adaptive water management measures in the UK to better cope with the challenges 

posed by hydrological transitions, and for further research into the drivers of hydrological transitions to increase process 

understanding and aid climate adaptation in an increasingly volatile hydroclimate. 
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